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A significant deficiency in the area of introductory statistics education exists: Student 
performance on standardized assessments after a full semester statistics course is poor and 
students report a very low desire to learn statistics.  Research on the current generation of 
students indicates an affinity for technology and for multitasking.  Generational research further 
indicates that millennials prefer immediate feedback and to be in control of their learning 
environment.  A tablet PC mediated, multitasking, classroom intervention involving the use of 
tablet computers with a newly designed educational software application was designed as a 
solution to the challenge of statistics education.   
Software development for this research project focused on the specific educational needs of 
students born after 1982, defined here as millennials, with an emphasis on increasing active 
participation and learning through on-task multitasking and in-class chatting.  The tablet PCs 
allowed students to utilize a virtual “pen” to take notes on pre-prepared instructional materials.   
A discussion area associated with each slide encouraged peer to peer collaboration in class while 
slide specific links to external content encouraged students to seek immediate clarification on 
challenging material.   
Previous tablet PC based classroom interventions are well liked by students but focused on slide 
annotations or note-taking alone.  The immediacy requirement of millennials suggested that 
access to supplemental materials as the lecture is presented might prove valuable to mastering 
course content.  Given the technological aptitude of the millennial generation and their unique 
learning preferences, a tablet PC based educational intervention was designed as the core of a 
pedagogical paradigm shift.   
Data collected using the tablet PC application in the fall of 2011 revealed that students did not 
learn or retain more than students in traditional classrooms.  Students’ desire to learn statistics 
was improved by the tablet PC initiative although students with greater computer skills, those 
who enjoyed learning with a computer and those who liked multitasking improved the most in 
their attitude towards statistics using the tablet PCs.  Students did perform better on questions 
requiring statistical or graphical interpretation when using the tablet PC mediated classroom as 
compared to the traditional classroom.  There was a drop in learning in the most skilled computer 
users suggesting that excessive multitasking may be detrimental to classroom learning.  Females 




a lower desire to use a computer to learn than males.  The tablet PC application had a 
significantly greater impact on males than females due to these learning preferences.  While the 
tablet PC classroom environment did not successfully resolve the deficiency in statistics 
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The current generation of undergraduate students entering college from high school was 
born between 1991 and 1993 and is highly unique in that they have been surrounded by 
computers from a young age and have had Internet access since the start of elementary school 
(Oblinger, 2003).  Research into this generation, known as the “millennial” generation (or 
generation Y), indicates both a strong desire to multitask and a natural affinity for technology 
(DiGilio, 2004).  This skill set is different from that which was witnessed in previous generations 
and as a result, students of the millennial generation have been found to learn differently than 
other generations (Brown P. , 2011). 
Educational literature in statistics over the same period has argued for improved 
pedagogy and/or technology in introductory undergraduate statistics classes (Cobb G. , 1993; 
Reid & Mason, 2009).  Whether this is related to the uniqueness of the millennials or whether the 
research has uncovered a long-standing deficiency is unclear.  Many of the articles in The Journal 
for Statistics Education cite declining student performance as a motivator for their work.  This 
journal has archived over 150 articles regarding methods for improving pedagogy in statistics.  
Research topics range from instructor based methods to computer simulation packages.  Most 
computer-based pedagogical research, however, focuses on only a single aspect of statistics (e.g. 
Time Series) or tools to be used in conjunction with conventional classroom pedagogical 
techniques.  According to Lovett and Greenhouse (2000), this research has led to a reformation in 
statistics education; they further state that the reformation has been met with limited success.  
While Lovett and Greenhouse cite a significant increase in assessment scores for students 
learning statistics using recently developed methodologies, they also state that students are far 
from proficient in their understanding of basic statistical concepts and are still woefully lacking 
with respect to more advanced topics.  Technology appears to have stopped the decline in 
performance in introductory statistics education but it has not yet reversed the trend in a manner 
that supports a steady improvement of advanced skills.  This suggests that the use of technology 
has the potential for supporting improved learning, but this potential has not been fully met.  
The tablet PC represents a technological replacement for the standard pen and notebook.  
Unlike classical note taking, tablet PCs allow for interaction as well as documentation.  
Furthermore, tablet PCs allow for rich multimedia presentations and peer-to-peer 
communications (Amelink, Scales, & Tront, Student Use of the tablet PC: impact on student 
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learning behaviors, 2012).  The risk of using such a tool is that it may distract students from what 
is being presented by the instructor.  However, since the current generation grew up in a 
multitasking environment, their learning needs may be partially dependent on maintaining such 
an environment (Roberts, Newman, & Schwartzstein, 2012).  Therefore, what previous 
generations see as a distraction, the millennial student may perceive as an advantage.  There is 
research to support the theory that the current generation may thrive in a multitasking 
environment (McMahon, 2005). 
Given the technological prowess of the millennials and the findings of statistics 
education, a technologically rich method of instruction is likely to support the learning 
preferences of the millennial generation.   Simon and Anderson’s (2004) research into the use of 
tablet PCs in the classroom indicates high levels of classroom participation when measured using 
anonymous electronic submissions of in-class exercises in a pilot test of two classes (Computer 
Science 1 and Computer Ethics).  This successful pilot test led to widespread use of tablet PCs at 
the University of Washington (15 large undergraduate courses).  In classroom environments, 
research supports that students are more engaged in learning with tablet PCs (Horton, Kim, 
Kothaneth, & Amelink, 2011) and have better retention (Kam, 2005) than students participating 
in a standard lecture.  Kam (2005) examined the notes that students compiled in a tablet-based 
classroom and a lecture styled classroom.  Based on this analysis, he concluded that tablets 
supported the internalization of the material better than standard techniques.  Kam argued that 
note taking was the main internalizing activity in the classroom and hypothesized that an 
evaluation of the content of notes completed by students correlated with the amount of knowledge 
they had internalized from the lecture.   
Based on these findings, three major areas of research form the basis for this dissertation:  
research into the millennial generation, research into statistics education (specifically, the 
statistics education reformation) and research into the use of tablet PCs in the classroom.  Using 
these three research areas, a new pedagogical tool built on tablet PCs is proposed that is ideally 
suited for a multitasking, technological generation.  The design of this educational platform will 
build on the work completed in statistics education research and the findings of current tablet PC 
initiatives.  Identifying the millennials as a target audience will make it possible to adapt this 
platform to their unique abilities.  





1.1 The Millennials 
 
While the definitions vary slightly, a millennial is generally considered to be an 
individual born after 1982 (DiGilio, 2004).  Millennial students compose the largest cohort of 
college students in the United States (Hartman & McCambridge, 2011). This generation is also 
known by many other names including generation Y, generation next and the digital generation 
(DiGilio, 2004).  For educators, this means that the vast majority of traditional undergraduate 
students (those aged 18-25) are part of the millennial generation.  The purpose of generational 
studies is to examine trends and tendencies among a group of individuals defined by age and use 
what is learned for the improvement of their instruction.  Research into millennials has revealed 
many interesting and pedagogically significant facts.  According to a survey administered by 
Oblinger (2003), twenty percent of people from this generation began using computers between 
the ages of five and eight and virtually all of them were using computers by the age of sixteen, 
seventy-nine percent of this generation stated that the Internet has had a positive influence on 
them, and sixty percent of this generation believe that the Internet has improved their 
relationships with classmates (Oblinger, 2003).  Jacobsen and Forste (2011) observed that the 
millennial generation is more digitally active than any previous generation.  DiGilio (2004) states 
it succinctly, “The learning styles and habits of the emerging generation have been strongly 
affected by the unprecedented proliferation of technology that has marked the last two decades” 
(p.4).  Gorman (2004) argues “the uniqueness of Millennials results largely from technological 
forces that have affected this generation.  The unique millennial competency is the ability to 
effectively utilize broadly networked digital communication technologies to quickly and 
seamlessly accomplish a wide variety of tasks” (p. 257).  Gorman’s (2004) research indicates that 
it cannot be assumed that a millennial has knowledge and skill with the majority of traditional 
computer applications, but rather, that they are better equipped to communicate through 
technology than were prior generations.  While millennials may be more accustomed to 
computing technology than previous generations, they still require training on basic computer 
applications.  The unique ability to communicate digitally, however, suggests that the instruction 
for the millennial student may require adjustment (Brown P. , 2011).  McMahon’s (2005) work 
indicates that beyond the ability to communicate digitally, students have the expectation of doing 
so.  In fact, millennials have developed a requisite immediacy in communications and grow 
frustrated when they are made to wait (Oblinger, 2003).  In the classroom, this immediacy may 
translate into desiring information on topics on which students are either weak or curious.  The 
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traditional classroom, which seeks to present material in a linear manner, may not satisfy the 
needs and/or desires of this generation.  
The most unusual quality of the millennial generation is their propensity and ability to 
multitask (Brown J. , 2002).  Brown’s conclusion was that teenagers were very comfortable 
multiprocessing in all aspects of their lives.  Frand’s (2000) research also concurred that this 
generation does not concentrate on one activity but rather accepts multitasking as the norm.  
Brown and Frand define multitasking as the simultaneous processing of streams of information 
which may or may not be related.  Other researchers define multitasking as divided attention or 
non-sequential task switching (Junco, 2012).  This preference for performing multiple concurrent 
tasks over concentrating on one activity at a time suggests that a classroom pedagogical shift may 
be necessary to best accommodate the skills and knowledge of this generation.  In fact, 
McMahon’s (2005) research indicates that students not only have the ability but the sincere desire 
to be involved in simultaneous activities.  The key, however, is not to view the student as 
distracted but to take advantage of their ability to focus on simultaneous learning opportunities.   
There is, however, a substantial body of research to suggest that multitasking while 
learning may be inefficient and that it may encourage only superficial knowledge acquisition 
(Shellenbarger, 2003).  Fulton (2011) found that multitasking produced numerous negative side 
effects and conducted a research study which was designed to inform millennials about the 
negative effects of multitasking.  Kirschner (2010) echoes this belief with the statement: 
“There is much talk of a change in modern youth – often referred to as 
digital natives or Homo Zappiens – with respect to their ability to simultaneously 
process multiple channels of information.  In other words, kids today can 
multitask.  Unfortunately for proponents of this position, there is much empirical 
documentation concerning the negative effects of attempting to simultaneously 
process different streams of information showing that such behavior leads to both 
increased study time to achieve learning parity and an increase in mistakes while 
processing information than those who are sequentially or serially processing that 
same information”  
 
Some psychologists are concerned that multitasking may result in less effective learning and the 
clear data demonstrating the increasing percentage of multitasking activities among millennials is 
exacerbating their anxiety (Hill, 2010).  According to Rekart (2011), “The total amount of brain 
activity present when two tasks are attempted simultaneously seems to be less than the sum of 
brain activation that occurs when each task is completed in isolation” (p. 61).   
Despite the possible negative side effects of multitasking, a body of research exists 
suggesting that necessary emotional needs are fulfilled when students are allowed to process 
simultaneous tasks (Wang & Tchernev, 2012).  Wang and Tchernev (2012) discovered that 
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emotional needs are met as a by-product of multitasking.  Additionally, college students are 
increasing in multitasking behavior.  Brasel and Gips (2011) noted that the amount of time spent 
media multitasking in the home grew 35 percent in 2009 alone.  If multitasking is a less effective 
learning strategy and yet students engage in it anyway, the question becomes whether it is more 
instructionally advantageous to utilize the multitasking nature of millennials in the classroom or 
whether it would be better to use the classroom environment to reduce multitasking to avoid the 
potentially negative side effects.  
The typical millennial student is an immediate, digital communicator with the desire to 
multitask (Richardson, 2011).  The traditional classroom is linear and involves no digital 
communication.  Furthermore, in a traditional classroom, information is disseminated to the 
student in a planned order based on the experience of the instructor.  Most classrooms are not 
individualized for students nor do they take into account the greatest strength of this generation.  
A new classroom model may be necessary to satisfy the unique needs of the millennial generation 
(Brown P. , 2011).  The key questions are whether the ability to multitask carries into the learning 
environment and whether multitasking while learning is effective.  This research will seek to 
answer these questions. 
 
 
1.2 Educational Research in Statistics 
 
Since 1993, the Journal for Statistics Education has been a primary source for the 
dissemination of educational research in statistics.  The “Journal for Statistics Education” is a 
publication of the Center for Statistics Education, which is part of the American Statistical 
Association.  The pioneering author of this journal, Cobb, published the first paper in the 
conference proceedings of the National Science Foundation (NSF).  His paper summarizes the 
statistics research projects ongoing in 1993.  At the time of Cobb’s publication, there were 12 
NSF sponsored projects in statistics education.  This research effort suggests a significant desire 
within the education community to improve current classroom expectations for statistics classes. 
Cobb (1993) argues for a complete redesign of introductory courses.  He states that statistics 
classes everywhere are despised by students and that there is an “acute need for curricular 
resources in statistics” (p. 1). The preliminary papers that Cobb chose to discuss involved the use 
of statistical laboratories.  It was Cobb’s view that increasing the amount of hands-on 
opportunities was the key for the improvement of statistics education. 
A significant body of research exists concerning the use of computers in introductory 
statistics classes (Garfield J. , 2000; Verhoeven, 2009).  The majority of the research, as described 
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by Garfield, involves the embedding of new technological tools into existing statistics classes.  
None of the technological research projects discussed by Garfield suggests a fundamental change 
in the lecture materials or in the presentation and ordering of statistical concepts as a result of 
technological inclusion (Garfield J. , 1995).  This utilitarian view of educational technology in 
statistics classes limits current computer-based pedagogical development to electronically 
recreating lecture and textbook-based instruction or providing minor educational supplements.  
Technology exploitation in statistics instruction has not been combined with research into the 
learning habits of the current generation.  The educational process should be redesigned to 
effectively use the available technology.  This requires the complete instructional redesign of 
introductory statistics classes starting with consideration of the learning habits of current 
undergraduate students and developing instructional strategies that utilize technology to 
maximize learning opportunities. 
Another area of pedagogical development centers on improved classroom experiences 
and topical reinforcement exercises for students.  According to Lovett (2000), mathematics 
instruction is being modified to include more real-world problems so that students recognize 
concrete applications.  Lovett argued that statistics education reform has been unsuccessful 
because instructors have not considered recent developments in learning theory (Lovett & 
Greenhouse, 2000).  Her paper outlines the key principles of learning and illustrates how existing 
statistical education falls short.  Her conclusion is that instructors do not have the necessary time 
to rethink the educational environment in the classroom.   Time, however, is the key to improving 
the learning that takes place in the classroom.  Lovett’s theories are consistent with millennial 
research which indicates that learning in more traditional settings is not as effective as learning 
with technological aids (Schacter, 1999).   Reid and Mason (2009) also point to the necessity of a 
complete statistics education pedagogical redesign.   
Technology greatly enhances classical instructional approaches to curricular redesign in 
statistics classes.  The inclusion of technology in undergraduate classes increases the adaptability 
of the instructional environment to individual learning styles.  It increases the ability for students 
to communicate (Amelink, Scales, & Tront, Student Use of the tablet PC: impact on student 
learning behaviors, 2012) and allows them not only to build on their knowledge but also to build 
their own personal learning environment.  Furthermore, as technology is deeply ingrained into 
millennial students, their learning process is reinforced through the use of technology.  Lovett and 
Greenhouse (2000) proposed a series of educational principles for statistics education based on 
learning theory.  One of these principles is that new knowledge is built on existing knowledge.  
  Introduction 
7 
 
The experience with technology that is common to millennials, therefore, forms the base from 
which to build new knowledge.    
Another of Lovett and Greenhouse’s (2000) educational principles is that immediate 
reinforcement is essential to the learning process.  They posit that the success of cooperative 
learning comes from the feedback that is provided by peers.  Alvarez, Brown and Nussbaum 
(2011) discuss the use of tablet PCs in cooperative learning environments and the benefits for 
students such as “greater motivation and willingness to collaborate, better connections between 
different subject fields, a narrowing of the digital divide, improvements in problem-solving skills 
and the promotion of academic achievement.”  Rumsey’s research (1998) regarding the use of 
cooperative teaching found that the majority of students enjoyed the active learning environment 
but were dissatisfied with the use of technology (Rumsey, 1998).  Rumsey concluded that the use 
of technology in statistics classes would be an ongoing struggle due to the fact that the students 
were more comfortable with technology than the professors.  A 2012 study reported that faculty 
use of a tablet PC in courses at Virginia Tech was low, despite a tablet PC initiative (Amelink, 
Scales, & Tront, Student Use of the tablet PC: impact on student learning behaviors, 2012).  Any 
effort made by professors to use technology, however, is valuable as research indicates the 
importance of the type of immediate feedback made possible through technology (Brown P. , 
2011).   
 
 
1.3 Tablet PC Case Studies 
 
The tablet PC is a fairly new technology as it has only been commercially available since 
the year 2000.  The tablet PC is, however, based on technology that has been widely available for 
considerably longer in that it is a combination of the laptop or notebook computer and a pen-
based digitizing tablet.  Tablet PCs come in two models, a “slate” form and a “convertible” 
(clamshell) form.  The slate form comes with a detachable keyboard and the clamshell form has 
the ability to swivel its screen 360 degrees on the hinge so that it can fold flat to become a slate.  
In the slate position, the digitizing surface faces outwards for use with a digital pen.  Pen-based 
control became common in the 1990’s through the Palm® and Windows CE® devices and later, 
the IPad with stylus as well as the Samsung S-pen.  The combination of pen-based functionality 
with an ultra-mobile, powerful computer enables educational uses for the tablet PC that are 
without precedent (Gill, 2007).  The tablet PC can be used as an electronic notepad, a classroom 
whiteboard, a presentation viewer, an online research tool and a communications platform while 
simultaneously running any educational software that is appropriate for the lecture.  Gill (2007) 
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argues that the tablet PC was developed for the academic community.  Recognizing this potential, 
Microsoft has funded over 250 tablet PC-based research projects between 2004 and 2006 totaling 
$1.45 million (Microsoft, 2007).  Despite discontinuing specific research grants for tablet PC-
based projects, Microsoft developed tablet specific operating systems (Windows 8 RT) and 
introduced their own tablet (The Microsoft Surface) in October 2012 (Garber, 2012).  Hewlett 
Packard has also funded over 250 tablet PC-based research projects from 2003 to 2008 (HP, 
2007).  This HP Technology for Teaching Grant Initiative encompassed a total investment of 
nearly $60 million from 2004 to 2008, involving more than 1000 institutions in 41 countries (HP 
Technology for Teaching Grant Initiative, 2012). Twenty-eight schools and universities across 
Asia Pacific were granted $3.7 million for tablet PC-based research through the 2009 HP 
Innovations in Education Program (Tan, J. 2009).  Recently, HP launched three global initiatives 
for the support of education:  the HP Catalyst Initiative, the HP Ed Tech Innovators Award, and 
the HP Learning Initiative for Entrepreneurs (HP Education, 2013).  Not all of HP’s grants from 
2009-2013 were specifically for tablet PC-based research but several of the grants utilized HP’s 
line of tablet and convertible computers (HP Education, 2013). 
The University of Washington has one of the oldest and most developed tablet PC 
education research groups and test beds.  According to Simon (2004) between 2002 and 2003 
over 15 large classes were taught using tablet PCs at the University Of Washington.  According 
to Anderson (2007), between 2002 and 2006, 56 class sessions in 12 subjects have been taught 
using tablet PCs at the University of Washington.  A Microsoft sponsored research project at the 
University of Washington led to the development of an educational software platform for Tablet 
PCs called “Classroom Presenter” (Anderson R. , 2003).  Since then, research studies have been 
conducted to evaluate the educational benefits of tablet PCs using classroom presenter.  
According to Anderson (2007) while many of the activities that occur in a tablet PC-based class 
could be completed using pencil and paper, the logistics of using networked tablet PCs has been 
found to improve classroom dynamics.  Students can share real time examples with the professor 
and the professor can display any of these examples with the entire class.  With standard paper 
and pencil, the professor would have to recreate the student’s work on a white board.  In many 
subjects, horizontal learning (defined as peer-to-peer learning) is the key to student success; there 
are often many ways to solve a problem or analyze a text passage and the compilation of 
numerous student responses provides the greatest learning opportunity.  Qualitative data from 
these classes clearly indicates students’ appreciation of tablet PC-based classroom and indirectly 
measures improved student participation (Anderson R. , 2007).  Research conducted at the 
University of Washington (Anderson R. , 2007) supports that tablet PCs effectively facilitated 
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active learning in the classroom through interactive classroom exercises and peer sharing.  While 
the qualitative survey sample size was small, students reported that they were engaged in class 
activities as a result of the tablet PCs.  
Virginia Tech has recently moved to the forefront of tablet PC initiatives.  According to 
Horton et al. (2011), tablet PCs were first considered for use at Virginia Tech in 2002.  In 2004, 
20 tablet PCs were introduced in an Introduction to Computer Engineering class of 40 students 
with great success.  “More than 85% of the students expressed high satisfaction with using tablet 
PCs and high levels of energy and participation were observed in students during active learning 
exercises” (Horton, Kim, Kothaneth, & Amelink, 2011).  In 2006, Virginia Tech became the first 
public university to require the purchase of a tablet PC (Amelink & Scales, 2011).  All incoming 
freshmen in the College of Engineering are required to buy one and are expected to use it in all 
their courses.  “This program has become the largest implementation of tablet PC use across an 
engineering college” (Horton, Kim, Kothaneth, & Amelink, 2011).   
 
 
1.4 Research Question 
 
The tablet PC represents a technology that can be fully integrated into college classroom 
pedagogy to improve learning for the current generation of multitasking, technologically 
immersed students.  Research on tablet PC-based applications demonstrates the advantage of 
unobtrusive feedback from students in class and the ability to electronically diagram lecture 
materials using a pen.  The active and interactive learning encouraged by tablet PCs is consistent 
with research concerning the learning needs of the millennial generation.  Research in statistics 
has not yet extended to a multi-media learning component nor has it explored the impact of 
technology immersion from a young age on a technologically intensive pedagogical environment.  
Given the immediacy requirements of millennials and their predisposition for electronic media, 
in-class multimedia activities enhance learning and improve student perceptions of the classroom.  
Given the multitasking ability of millennials, millennial students can learn from the instructor 
while simultaneously learning from electronic media.  Since the average millennial student was 
raised with technology, learning comes naturally when using technology.   
This dissertation examines these areas by developing a classroom software tool that 
includes slides (which will be annotated by students), a multi-media rich content area, and a 
discussion area (similar to a chat room) for classroom digital interactions.   The multi-media 
content and slides were developed based on statistics education research and research into 
technology in other mathematics classes.  The primary research question is whether an 
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introductory statistics classroom experience enhanced by tablet PCs designed to engage the 
students on numerous simultaneous levels improves learning and students’ desire to learn 
statistics.  This can be sub-divided into the following research questions: 
1. Does the technology-enhanced tablet PC learning environment improve college level 
student learning in introductory statistics when compared to a non-technology based 
lecture only approach? 
2. Does the revised tablet PC learning environment improve college level students’ reported 
desire to learn statistics? 
3. How does a college student’s prior experience with technology impact the effectiveness 










 In order to adequately address the research questions presented in the previous chapter, it 
was necessary to conduct a sufficient review of the literature in the areas of statistics education, 
millennials, classroom intervention considerations, tablet PCs in the classroom, instructional 
software, and assessment methods.  Two of the research questions address improving student 
learning and students’ reported learning interests in introductory statistics courses, so the current 
state of statistics education was researched.  The proposed intervention is attempting to improve 
the classroom learning environment, which requires research into classroom intervention 
strategies.  Because the intervention involves the use of tablet PCs in the classroom, the successes 
and failures of tablet PC initiatives were researched.  Since the research involves the creation of 
an educational software application, the design of instructional software was researched.  To 
appeal to millennial students, the characteristics and tendencies of millennials were researched.  
Because the third research question involves students’ prior experience with technology, 
millennials’ experience with technology was researched.  In order to adequately measure 
improvement in learning and students’ reported learning interests, different assessment methods 
were researched.  The following literature review investigates statistics education, Millennials, 
classroom intervention considerations, tablet PCs in the classroom, instructional software, and 





As argued in the previous chapter, it is well recognized that statistics education needs to 
be reformed.  Concerns include students delaying their statistics courses until the very end of their 
degrees (Earley, 2007), students frequently viewing statistics as the worst course taken in college 
(Wiberg, 2009), and students usually not enrolling in any additional statistics courses due to their 
perceived negative first experiences (Peterson & Resnick, 1991).  Onwuegbuzie and Wilson 
(2003) have even documented a form of anxiety associated with statistics courses, called 
“statistics anxiety”.  In order to determine the effectiveness of statistics instruction, it is critical to 
find out what students learn as a result of a statistics course.  The Comprehensive Assessment of 
Outcomes in a first Statistics course (CAOS) test consists of items that students completing an 
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introductory course in statistics are commonly expected to know and understand (Delmas, 2007).  
The 2005-2006 CAOS study noted small overall increases from pretest to posttest, revealing the 
need for further research into statistics education (Delmas, 2007).  Results from the 2005-2006 
CAOS study also showed a very low final average of fifty-two percent on the multiple-choice 
posttest, indicating that students lacked knowledge in approximately half of the content areas at 
the end of the course.  These results follow more than a decade of research addressing the 
improvement of statistics education.  Delmas (2007) stated, based on the results, that further 
research into improving statistics instruction in an introductory statistics class is vital. The 
importance of statistics, the state of statistics education, what students need to learn, how they 
learn, and initiatives in statistics instruction are discussed in the sections that follow.    
      
2.1.1 The Importance of Statistics 
 
 
Statistics education is critically important for the education of informed citizens.  
According to the Guidelines for Assessment and Instruction in Statistics Education (GAISE 
report) by Franklin et al. (2005), “Our lives are governed by numbers.  Every high school 
graduate should be able to use sound statistical reasoning to intelligently cope with the 
requirements of citizenship, employment, and family and to be prepared for a healthy, happy, and 
productive life” (p. 1).  Statistical literacy is the term used to describe an understanding of 
statistical concepts.  According to Verhoeven (2009), many students are not statistically literate, 
defined as “the ability and propensity to interpret, critically evaluate, and communicate about 
statistical information, data-related claims, or chance-related phenomena which they may 
encounter in diverse life contexts” (p. 6).  Gal (2002) characterizes statistical literacy as the 
ability to interpret, evaluate, and communicate with others about statistical information and 
messages.  According to Wallman (1993), statistical literacy has both public and private 
dimensions, which affect individuals’ decisions.  She defines it as follows:  “Statistical literacy is 
the ability to understand and critically evaluate statistical results that permeate our lives – coupled 
with the ability to appreciate the contributions that statistical thinking can make in public and 
private, professional and personal decisions” (p. 1).  Franklin (2005) believes the ultimate goal of 
statistics education should be statistical literacy.  She points out that the newspaper and other 
media are filled with statistical information that needs to be understood.  She uses polls as an 
example.  People need to understand that the published results were determined by a sample of 
the population and that the reliability of the results depends on how that sample was selected.  In 
addition, the results, no matter how they were collected, are subject to sampling error.  “The 
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statistically literate citizen should understand the behavior of ‘random’ samples and be able to 
interpret a ‘margin of sampling error’” (Franklin, 2005).  Bakker (2004) points out that 
newspapers often present graphs or data on the front page.  “Apparently, citizens are expected to 
understand and appreciate such condensed information; it is not just the educated who are 
confronted with statistical information.  Research in statistics, however, shows that graphs are 
difficult to interpret for most people” (p. 1).  According to Bakker (2004), political and economic 
decisions are based on statistics; this makes statistics a language of power (Bakker, 2004).  The 
National Council of Teachers of Mathematics (NCTM) states, “Citizens need to be able to read 
and interpret complex, and sometimes conflicting information” (Kurtz, 1989).  Later in the 
NCTM document it states, “A knowledge of statistics is necessary if students are to become 
intelligent consumers who can make critical and informed decisions” (Kurtz, 1989).  Franklin 
(2005) notes that people who are prepared to use statistical thinking in their careers are more 
likely to receive promotions and that a statistically competent workforce can help the United 
States compete more effectively in the global market.  Franklin (2005) states, “An investment in 
statistical literacy is an investment in our nation’s economic future, as well as in the well-being of 
individuals” (p. 2).  The value of statistics education is clear and given the desire for most 
students to view what they learn as important, statistics education should be a priority within U.S. 
colleges.              
 
2.1.2 The State of Statistics Education 
 
 
Despite the importance of statistics for peoples’ personal and professional lives, it is a 
disliked college subject, which students often leave to the very end of their degrees (Earley, 
2007).  Reid and Mason (2009) state, “Many students do not enjoy taking a statistics course, and 
many do not seem to gain an appreciation of the critical role that statistical analysis plays in their 
academic fields” (p. 473).  Onwuegbuzie and Wilson (2003) discovered a special form of anxiety 
associated with statistics courses, which they term ‘statistics anxiety.’  They define it as:  “anxiety 
which occurs when a student encounters statistics in any form and at any level” (p. 196).  For 
some students this anxiety is so intense that it results in low motivation and a complete inability 
to see the relevance of statistics instruction (A'Brook & Weyers, 1996).  According to Peterson 
(1991) and Garfield & Ahlgren (1988), most undergraduate and graduate students do not 
complete additional statistics courses beyond that which is required because of negative feelings 
and anxiety towards statistics.  Forte (1995) and Rosenthal (1992) point out that it is a well-
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known fact that one of the common nicknames of the introductory statistics course is “sadistics”.  
According to Dempster (2009), it is important to monitor students’ feelings and ideas about 
statistics, because negative feelings can adversely affect the way students perform in statistics 
courses.  Gal (2002) notes that in order for students to develop flexible statistical problem-solving 
skills, statistical communication skills and data-analyzing skills, a supportive problem-solving 
classroom atmosphere needs to be created.  Gal (2002) describes this ideal environment in detail:  
[Students] feel safe to explore, conjecture, hypothesize and brainstorm and are 
not afraid to experiment with applying different (statistical) tools and methods; 
feel comfortable with temporary confusion or a state of inconclusive results as 
well as the uncertainty inherent in statistical and probabilistic situations; believe 
in their ability to navigate or ‘muddle through’ intermediate stages, temporary 
roadblocks, and the decisions needed to reach a certain goal; and are motivated to 
struggle with and keep working on tasks or problems which may require 
extended investment of energy. (p. 2)   
 
According to Gal (2002), an environment of safe, creative problem-solving is not easy to 
achieve due to students’ negative attitudes about the subject matter.  Gal recommends that 
teachers perform an initial assessment of students’ attitudes towards statistics and monitor 
changes in these attitudes at various times during and after the course.  Tests such as the Survey 
of Attitudes Toward Statistics (SATS), the Attitude Toward Statistics Scale (ATS), or the 
Statistics Attitude Survey (SAS) can be used to determine the status of students’ attitudes.  “If a 
class scores around or above neutral (e.g., a mean score of 4 on a 7-point scale) on each scale, for 
instance, the instructor knows that the class as a group does not have an attitude problem.  If, 
however, the class falls much below neutral, the instructor may need to devote more class time to 
dealing with the negative attitudes” (Gal, 2002).  Students’ anxieties and negative attitudes are a 
big problem in statistics instruction and they need to be addressed so that they do not interfere 
with students’ ability to learn (Gal, 2002).  
Dempster (2009) continued the investigation into student attitudes and discovered that 
although attitudes towards statistics are important, specifically, the attitudes held at the time of 
assessment are those which affect outcomes:  “Using a longitudinal design, the present research 
has shown that statistics assessment outcome is correlated more highly with specific attitudes 
held at the time of assessment rather than attitudes about statistics which are held by students at 
the beginning of their statistics course” (p. 4).  He further discovered that a student’s perception 
of his/her own math ability is more strongly related to outcomes than previous experience with 
math, statistics or computing (Dempster, 2009).   
 The Comprehensive Assessment of Outcomes in a First Statistics Course (CAOS) is a 
test designed to measure students’ conceptual understanding of statistical ideas (Delmas, 2007).  
  Literature Review 
15 
 
It is designed to find out what students know at the end of a first course in statistics.  The CAOS 
test consists of items that students completing any introductory course in statistics would be 
expected to know and understand (Delmas, 2007).  Delmas points out that all the items on the 
CAOS test are “written to require students to think and reason, not to compute, use formulas, or 
recall definitions” (p.50).  Delmas (2007) describes the results of a 2005-2006 CAOS study, 
consisting of 763 students in a sample of matched pretests and posttests, representing courses 
taught by 22 professors in 20 higher education institutions from 14 states across the United States.  
The results show that only small gains were made over the course of a semester:  “There was an 
increase from an average percentage correct of 44.9% on the pretest to an average percentage 
correct of 54% on the posttest (se = 0.433; t (762) = 20.98, p < 0.001).  Although statistically 
significant, this was only a small average increase of 9 percentage points (95% CI = [8.2, 9.9] or 
3.3 to 4.0 of the 40 items)” (p. 34).  According to Delmas (2007), instructor tests that focus on 
computations and formulas may show more pretest to posttest gains, however, considering the 
goal of statistical literacy, the CAOS test is a better measure of statistical thinking, the ultimate 
goal of statistics education.  Aside from small gains in the overall CAOS test, results indicate a 
surprising trend:  a noticeable number of students answered incorrectly on some items in the 
posttest that they answered correctly on the pretest, indicating that they developed 
misunderstandings or misconceptions by the end of the course that they did not have at the 
beginning (Delmas, 2007).  According to Kahneman, Slovic and Tversky (1982), instructors will 
need to actively address misconceptions before they will be able to see improvements in their 
students’ statistical reasoning.  Delmas (2007) describes the conclusion of the 2005-2006 CAOS 
study as follows: “It was disappointing to see such a small overall increase in correct responses 
from pretest to posttest, especially when the test was designed (and validated) to measure the 
most important learning outcomes for students in a non-mathematical, first course in statistics” 
(p. 47).  Despite the low results, the CAOS test represents an ideal tool for the unbiased 
assessment of statistical knowledge and the disappointing scores demonstrate the clear need for 
further research into statistics education. 
 
 
2.1.3 What Students Need to Learn in Statistics 
 
 
Statistics instruction is different than most other mathematics instruction in that it requires a 
different style of reasoning.  According to Franklin (2005), this is because “data are not just 
numbers, they are numbers with a context” (p. 7).  Moore and Cobb (1997) concur with 
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Franklin’s statement: “In mathematics, context obscures structure.  In data analysis, context 
provides meaning” (p. 7).  Moore and Cobb (1997) explain that statistics is a methodological 
discipline.  It does not exist for itself, but to offer other fields of study the tools for dealing with 
data.  According to Cobb and Moore (1997), the need for statistics arises from the “omnipresence 
of variability”.  We live in a world in which there is much uncertainty.  Statistics is a way of 
dealing with and representing relative probabilities in an uncertain world.  Statistics instruction 
involves the study of five key concepts, which are meaningful only if they are taught in relation to 
one another.  They are:  variability, sampling, data, distribution, and covariation (Wilensky, 
1997).  According to Bakker (2004), “Variability is at the heart of statistics because without 
variability there is no need for statistical investigation” (p. 14).  Franklin (2005) describes four 
kinds of variability which are important for students to know:  measurement variability, in which 
repeated measurements on the same individual can vary; natural variability, which is the 
variability inherent in nature (as seen in individuals who are different); induced variability, which 
is the variability that comes as a result of altering experimental factors; and sampling variability, 
in which the sample proportion will vary from sample to sample.  According to Bakker (2004), 
“In order to investigate a variable phenomenon, one can take a sample.  Without sampling, there 
is no data set, distribution, or covariation to describe” (p. 15).  Franklin states (2005) “When 
sampling, we ‘select at random’, and in experiments, we randomly assign individuals to different 
treatments.  Randomization does much more than remove bias in selections and assignments.  
Randomization leads to chance variability in outcomes that can be described with probability 
models” (p. 9).  According to Bakker (2004), “Sampling and measurement lead to data, which are 
numbers with a context” (p. 15).  Once collected, data can be analyzed for patterns and trends.  
Bakker (2004) considers distribution to be the central concept in statistics.  Distributions describe 
and predict patterns in variability.  Center and spread are two characteristics of a distribution.  
According to Bakker (2004), “Students encounter covariation in physics, chemistry, biology, and 
the social sciences, mostly represented in scatterplots” (p. 17). 
 Garfield (2000) identifies six types of reasoning which students should be exposed to in a 
statistics course:   
i. Reasoning about data, in which students recognize data as quantitative or qualitative, 
discrete or continuous, and predict how the data leads to a particular type of table, graph, 
or statistical measure. 
ii. Reasoning about graphical representations of data, in which students read and interpret 
graphs and plots and can identify the center and spread in a distribution.  
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iii. Reasoning about statistical measures, in which students understand what center, spread, 
and position tell about data sets, and that summaries of center and spread can be useful 
for comparing different data sets. 
iv. Reasoning about uncertainty, in which students use randomness, chance, and likelihood 
to make judgments about uncertain events.  
v. Reasoning about samples, in which students know that a larger, carefully selected sample 
is more representative of a population than a small or biased one.  
vi. Reasoning about association, in which students understand how to interpret a relation 
between two variables, knowing that a strong correlation does not necessarily indicate 
causation.   
All six types of statistical reasoning are found in the CAOS test (Delmas, 2007). 
 Based on an NSF research grant and conferences with experts in the field of statistics 
education, Garfield and Ben-Zvi (2007) provide a summary of currently accepted learning goals 
for students in statistics courses.  These may be found in Appendix A.   
Garfield (1995) identifies five goals of statistics education.  She derives these goals by 
asking teachers what skills and ideas they would like to see their students take away from a 
course in statistics.  The goals are important ideas that teachers identified as a result of the 
question “What would you feel MOST bad about your former students not knowing after 
completing a statistics course?”  They include: 
 The idea of variability of data and summary statistics. 
 Normal distributions are useful models though they are seldom perfect fits. 
 The usefulness of sample characteristics (and inference using these measures) 
depends critically on how sampling is conducted.  
 A correlation between two variables does not imply cause and effect. 
 Statistics can prove very little conclusively although they may suggest things, 
and therefore statistical conclusions should never be blindly accepted.    
Due to a reform in statistics education in the 1990’s, Schaeffer (1998) states that there is 
more agreement as to the content to include in an introductory statistics class among statisticians 
than ever before.  When Delmas, Garfield, Ooms and Chance developed the assessment 
instrument Comprehensive Assessment of Outcomes in a Statistics (CAOS), they collected over 
1000 questions and then narrowed them down based on the material each question covered.  The 
original CAOS test covered 34 learning objectives with 34 specific questions.  CAOS 2 added 3 
more questions for a total of 37 and the most recent CAOS test (version 4) has 40 questions.  
While every question covered a unique learning objective, the authors pared the objectives down 
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and developed the following ten basic objectives for an introductory statistics class: data 
collection and design, descriptive statistics, graphical representations, boxplots, normal 
distribution, bivariate data, probability, sampling variability, confidence intervals, and tests of 
significance (Delmas, 2007).  The CAOS test was specifically designed to test these ten key 
areas.  The ten areas correspond to the generally accepted learning outcomes identified by 
Garfield and Ben-Zvi (2007).  
 
 
2.1.4 How Students Learn Statistics 
 
 
Different authors have different theories about how statistical literacy is developed in 
individuals, but they all have a hierarchical model in common, differing in the number of steps 
involved in the process.  Franklin (2005) suggests a framework with three developmental levels:  
A, B, and C. Level A is teacher-driven, and levels B and C are student-driven.   
In level A, teachers pose questions of interest and statistical questions are restricted to the 
classroom.  Data collection consists of a census of the classroom and a simple experiment.  
Analysis of data mostly involves comparisons of individual measurements.  When interpreting 
results, conclusions remain close to the data and no generalizations are made beyond the 
classroom.  Students learn about measurement variability.   
In level B, students begin to pose their own questions of interest and statistical questions 
are not restricted to the classroom.  Data collection consists of sample surveys and a comparative 
experiment.  Analysis of data involves quantifying variability within a group and comparing 
group to group in visual displays.  Sampling error is acknowledged.  When interpreting results, 
students acknowledge that looking beyond the data is feasible and that a sample may or may not 
be representative of the larger population.  Students begin to note differences in strength of 
association and they are aware of the distinction between association and cause-and-effect.  
Students learn about sampling variability.   
In level C, students pose their own questions of interest and statistical questions seek 
generalization.  Data collection consists of sampling designs with random selection and 
experimental designs with randomization.  Analysis of data involves using distributions as a 
global concept, comparing group to group using displays and measures of variability, and 
quantifying association, fitting different models for association.  Students describe and quantify 
sampling error.  When interpreting results, students begin to examine beyond the data and can 
generalize from a sample to the population.  Students are aware of the effects of randomization 
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and understand the difference between observational studies and experiments.  Students interpret 
measures of strength of association and models of association and they are able to distinguish 
between conclusions from association studies and experiments.  Students learn about chance 
variability.    
 Watson and Callingham (2003) suggest a Statistical Literacy construct with six 
developmental levels.  They are:  Level 1, idiosyncratic; level 2, informal; level 3, inconsistent; 
level 4, consistent, non-critical; level 5, critical; level 6, critical-mathematical.  At the 
idiosyncratic level, students use terminology redundantly, reference context from an ethnocentric 
perspective and are only able to perform basic numerical functions such as reading values in cells.  
At the informal level, students reference statistical concepts in a colloquial fashion based 
primarily on intuitive beliefs, are able to use single elements of complex terminology and can 
perform simple one-step computations involving graphs, tables and chance.  At the inconsistent 
level, students tend to use qualitative rather than quantitative statistical ideas; they recognize 
appropriate statistical conclusions but without justification and their context is usually based on 
supporting previously held ideas. At the consistent, non-critical level, students have an 
appropriate but non-critical engagement with context, use more sophisticated terminology, 
appreciate variation for chance situations and have the statistical skills necessary to determine 
central tendency and basic probabilities.  At the critical level, students have a critical questioning 
engagement of familiar and unfamiliar contexts except for proportional reasoning, have an 
appreciation for variation and have an appropriate use of terminology.  At the critical-
mathematical level, students have a critical, questioning engagement with context, use 
proportional reasoning in media and chance contexts and show an appreciation for uncertainty 
while making predictions.       
Bakker (2004) suggests a four-level model of progressive “mathematization” based on 
Realistic Mathematics Education (RME), in which students incrementally move from informal to 
more formal mathematical activity.  Bakker relates this model to statistics instruction.  Level 1 is 
situational.  Students complete statistical activity in a task setting, where interpretations and 
solutions depend on the setting.  (This level relates to Franklin’s level A, where statistical 
questions are restricted to the classroom.)   Level 2 is referential.  Students refer to models for 
understanding.  (This level relates to Franklin’s level B, where students begin to pose their own 
questions of interest and statistical questions are no longer restricted to the classroom.)  Level 3 is 
general.  Students use interpretations and solutions independently of situation-specific imagery.  
(This also relates to Franklin’s level B.)  Level 4 is formal.  Students reason with symbolizations 
and are no longer dependent on the support of models.  (This level relates to Franklin’s level C, 
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where statistical questions seek generalization.)  According to Bakker (2004), statistical reasoning 
is cognitively demanding.  This requires students to move through the four levels of statistical 
reasoning sequentially and at an appropriate rate, without skipping any levels.     
Lovett (2000) describes five principles of learning, derived from Anderson and Labiere’s 
cognitive theory research (1998), which are helpful in statistics instruction.  They are:   
Principle 1. Students learn best what they practice and perform on their own.   
Principle 2. Knowledge tends to be specific to the content in which it is learned.   
Principle 3. Learning is more efficient when students receive real-time feedback on 
errors.   
Principle 4. Learning involves integrating new knowledge with existing knowledge.   
Principle 5. Learning becomes less efficient as the mental load students must carry 
increases.    
 Garfield (1995) investigates teaching approaches that help students to perform better in 
statistics courses.  According to Knuth and Jones (1991), activity-based courses and the use of 
small groups are effective strategies which help student understanding of statistical concepts.  A 
corrective-feedback strategy is also helpful.  “When students are tested and provided feedback on 
their misconceptions, followed by corrective activities (where students are encouraged to explain 
solutions, guess answers before computing them, and look back at their answers to determine if 
they make sense), this corrective-feedback strategy appears to help students overcome their 
misconceptions” (Garfield J. , 1995).  Allowing students to make predictions before gathering 
data and then comparing results to their predictions helps students with probability problems 
(Garfield & delMas, 1989).  Additionally, the use of computer simulations has helped students 
provide more correct answers to probability problems (Garfield & delMas, 1991).  Garfield 
(1995) notes another encouraging use of computers:  “Using software that allows students to 
visualize and interact with data appears to improve students’ understanding of random 
phenomena (Weissglass & Cummings, 1991) and their learning of data analysis (Rubin, Rosbery 
and Bruce, 1988)” (p. 29).  Garfield quoted separate studies by Weisseglass and Cummings and 
Rubin, Rosbery and Bruce which demonstrated both an improvement in students’ perceived 
understanding of random phenomena and students’ reported learning of data analysis.   
 
2.1.5 Initiatives in Teaching Statistics 
 
 
Due to the “reformation” in statistics education described by Cobb, G. (1993) and Delmas 
(2007), numerous initiatives were undertaken to improve statistics.  While the number of 
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initiatives that were undertaken since 1993 are too numerous to discuss here, the purpose of this 
section is to highlight some of the initiatives that relate to the proposed intervention.  The 
determination of the NSF team tasked with researching the state of statistics education in the 
early 1990’s and summarized by Cobb’s seminal work for the Journal of Statistics Education was 
that statistics education was exceedingly poor and that standard lectures were not sufficient for 
the necessary improvement.  If a few students do not thrive at select institutions, the obvious 
conclusion would be that the instructors should improve their lessons for the class.  When 
research reveals a problem common to almost all statistics classrooms, the conclusion must be 
that standard pedagogical techniques, which may be sufficient in other sciences and mathematics 
courses, are insufficient for statistics education.  Cobb (1993) revealed that almost all of the 
twelve NSF funded projects for statistics education determined that standard classrooms were 
insufficient and proposed (and developed in most cases) new curricular tools.  The general 
consensus of teachers of statistics according to Cobb (1993) is that statistics education requires 
curricular changes and, particularly, a greater focus on technology integration into statistics 
curriculum. 
 According to Cobb (1993), ten of the twelve projects funded by the NSF between 1990 
and 1992 statistics education initiatives were similar in two distinct ways.  First, the projects 
involved the use of a statistics laboratory and second, the projects examine the pedagogical idea 
of active learning.  The statistics laboratory concept encourages students to view statistics as a 
science (Cobb G. , 1993).  Cobb (1993), states that statistics originated as a science and that 
viewing it as such is beneficial to students as they learn the material.  A statistics laboratory 
encourages students to explore data sets and produce meaningful results in much the same way as 
a chemist might combine chemicals to produce a desired reaction.  A key factor of the statistical 
laboratory concept is that it promotes student engagement in learning.  During the Statistical 
laboratory exercise students interact with material and learn experientially.   The Statistical 
Laboratory is an example of active learning in the classroom.  Cobb (1993) argued that the twelve 
teams engaged by the NSF for statistics instruction agreed that the major factor missing in 
statistics education was student engagement.  Many of the projects indicated that the use of 
computers or technology in the classroom was an ideal way to achieve active learning.  Cobb 
referred to the increased use of computers in the classroom as an “imperative”. 
 Basturk (2005) evaluated the use Computer Aided Instruction (CAI) in an introductory 
statistics class.  Basturk chose some sections of introductory statistics to be lecture only while 
other sections were enhanced by the use of SPSS in class.  Basturk argued that the use of a 
statistical software package in class allows for greater student participation.  Every section 
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enhanced by SPSS scored higher than lecture only sections despite the fact that all sections 
covered the same material with the same instructor and had similar lectures.  Basturk (2005) 
points to a rich history of CAI in science and through this research experiment proves its 
effectiveness in statistics education and, by extension, the similarity between science education 
and statistics education. 
 Lee and Famoye (2006) explored the use of an online database for statistics instruction.  
Lee and Famoye’s primary argument for the student created real-time database was the need for 
active learning in statistics education.  According to Lee and Famoye, active learning is a major 
paradigm shift in statistics education and a necessary one.  The authors believe that computers 
will play a major role in this paradigm shift.  The use of a database to have the students create 
statistical examples with data for in-class examples fulfilled six of the recommendations of the 
GAISE (Guidelines for Assessment and Instruction in Statistics Education) report.  Students felt a 
greater involvement with the class and subject matter and were engaged with the material.  Lee 
and Famoye did not provide assessment data confirming the positive aspects of their increased 
focus on active learning but the concept is consistent with many of the other statistical initiatives. 
 Wiberg (2009) began an initiative to integrate statistics with psychology.  Her aim was 
“to revise a statistics course in order to get the students motivated to learn statistics and to 
integrate statistics more throughout a psychology course” (p. 8).  She introduced a psychology 
related research problem at the beginning of the course and let students discover the tools to solve 
the problem.  Her approach improved students’ attitude toward statistics and their satisfaction 
with the course.  Wiberg (2009) states, “What was evident in the revised course was that most of 
the students had a more positive attitude toward statistics than in previous courses although they 
perceived the same level of difficulty of statistics as a subject” (p. 8).  
 Verhoeven (2009) observed that “the use of statistics in everyday life seems unclear to 
many students” (p. 7).  Students do not learn how to apply statistics to every-day examples, 
resulting in the feeling that they will not use statistics again when they leave college (Verhoeven, 
2009).  Verhoeven’s initiative involved examining institutional factors such as school and class 
size, teaching and assessment methods, and individual factors, such as study habits and self-
confidence.  She discovered that class size did not play a significant role in student success, but 
that teaching method did.  “A more direct and interactive way of teaching statistics motivates 
students to work actively towards constructing their own knowledge.  The more a teacher 
interacts with students, the more motivated students (can) become” (p. 28).   
 Dempster’s (2009) investigated student attitudes towards statistics.  His research 
indicates that new initiatives should pay attention to students’ attitudes, specifically at the time of 
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assessment.  Helping students to feel competent and perceive their cognitive competence as 
adequate is crucial.  Dempster (2009) states, “Given that attitudes have a stronger relationship 
with assessment outcomes than previous experiences, there is a potential for developing and 
implementing interventions which will modify these attitudes” (p. 4).  He suggests helping 
students to see that they have the intellectual capacity to understand the material in a statistics 
course and encouraging them to maintain a positive attitude throughout the duration of the course.  
To help students improve their confidence in their math ability, he suggests some remedial 
teaching of basic math (Dempster, 2009). 
 Reid and Mason’s (2009) initiative re-orders the statistics curriculum, focusing students’ 
attention on a few key concepts which are summarized in a table.  They developed this approach 
in response to students reporting that they retained little from their first statistics course.   
According to Reid and Mason (2009), “By organizing the course around a single table, students 
will be able to gauge their progress and see how the various topics in an introductory statistics 
course are related” (p. 474).  Topics include:  frequency distribution, central tendency, variability, 
sampling, correlation and regression.   
 Da Ponte’s (2011) study addresses teacher education and how statistics teacher 
preparation can have an impact on classroom practice.  The teacher must be taught “the 
professional knowledge required for teaching of statistics” (p. 300).  According to da Ponte 
(2011), this consists of three areas:   
i. Knowledge of students, including learning styles, thinking strategies, interests, 
difficulties and culture. 
ii. Knowledge of curriculum including how it connects with other subjects.  
iii. Knowledge of teaching practice, including lesson planning, classroom management and 
teaching methods.   
Da Ponte (2011) believes that such teacher training is necessary to ensure that statistics 
instructors will be equipped to prepare meaningful classroom activities, where students learn to 
work for an extended period of time on a set of problems:  “To carry out such teaching, teachers 
need a positive personal relation with statistical explorations and investigations and statistical 
reasoning as well as a capacity to design or select and enact such tasks and teaching units.  These 
attitudes and competencies need to be a central focus in teacher education” (p. 303).   
 While there are many other interesting initiatives, such as Thompson’s (2009) Authentic 
Learning Capsules, which uses community action projects to generate the statistical examples 
needed to engage students, the key factor of statistics instruction research is the need for active 
learning and engaged students.  Both active learning and student engagement exist on spectrums 
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and both should be maximized for an ideal learning environment.  According to Garfield (2000), 
Cobb (1993) and Wiberg (2009), active learning in statistics education is best done using 
technology in the classroom.  While there are a variety of technological solutions (such as 
graphing calculators and laptop computers), the inclusion of a technology-based active learning 






“Here Come the Millennials,” the title of a conference presentation (Conery, 2003), 
reflects a sense of anticipation about the generation of incoming students.  Generational 
researchers are recognizing a significant difference in the students born between 1982 and 2000 
known as the millennial generation or generation Y.  According to Brown (2011), they are the 
largest current generation, representing 36% of the U.S. population and they are also the most 
diverse, being 31% minority.  Howe and Strauss (2000) state that millennials in the United States 
are:  “more numerous, more affluent, better educated, and more ethnically diverse” than any 
generation before them.  Millennials have distinctive characteristics, which include a 
collaborative attitude, an information-age mindset, and a unique ability to multitask (Oblinger, 
2003).  According to Emeagwali (2011), they enjoy technology, social networking, collaboration, 
and innovation (p. 23).  According to generational researchers, they are the first generation to 
have had ubiquitous access to digital technology since birth (Emeagwali, 2011; Richardson, 
2011).   
Based on Simcoes and Gouveia’s qualitative research (2008), millennials are 
conventional, place great faith in social institutions, and they trust authority.  Millennials share 
common experiences that define them such as 9/11 and the war in Iraq (Reith, 2005).  They have 
come of age during the Clinton, Bush or Obama presidencies (Crowley & Hector, 2011).  As 
children, they were loved, nurtured and sheltered, growing up with parents who were extremely 
attentive and involved in their lives (Reith, 2005; Richardson, 2011).  As a result of their common 
experiences, millennials developed certain traits:  they are confident, team-oriented, conventional, 
and achieving (Fahlbusch, 2008).  On the negative side, they can have a sense of entitlement 
(Chaudhuri & Ghosh, 2012), feel overly pressured to succeed (Wilson & Gerber, 2008), and are 
deficient in communication skills (Hartman & McCambridge, 2011).  Some authors (Bergman, 
Fearrington, Davenport, & Bergman, 2011) believe that they are self-absorbed.  While vanity is 
generally considered to be a negative trait, it can be used for educational gains by providing 
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avenues for students to express themselves in the classroom and share their ideas with peers.  In 
studying millennials’ use of social networking sites, Bergman, Fearington, Davenport and 
Bergman (2011) found that vanity was positively related to Millennials’ belief that others are 
interested in what they are doing. 
Millennials are comfortable with technology (Zickuhr, 2011) and they like to multitask 
(Oblinger, 2003).  It is best to combine traditional modes of teaching with multidirectional and 
multitasking approaches (Cvancara & Treinen, 2007).  Millennials learn best with active learning 
techniques (Brown P. , 2011), desire an interactive environment for their classroom experience 
(Taylor & MacNeil, 2005) and appreciate multimedia (Carlson, 2006).  Millennials prefer 
electronic forms of communication (Zickuhr, 2011) and it is best if teachers provide opportunities 
for electronic communication and interaction and opportunities for in and out of class “social 
learning” (Jonas-Dwyer & Pospisil, 2004).  The characteristics and learning preferences of 
millennials and generational theory are discussed below. 
 
 
2.2.1 Millennials’ Characteristics 
 
 
Emeagwali (2011) identifies seven possible characteristics of millennials:  special, 
sheltered, confident, team-oriented, conventional, pressured and achieving.  Of these, team-
oriented and achieving could be qualities that would support students enjoying a collaborative 
computer-based application that preserves student work (notes) and achievement. 
According to Oblinger (2003), millennial students prefer teamwork, experiential activities, 
structure, and technology.  Oblinger (2003) also believes that they are Internet-savvy, use e-mail, 
and are frequent and skilled multitaskers.  Chaudhuri and Ghosh (2012) describe millennials as 
seeking instant gratification and engaging in multitasking as a way of life.  Oblinger (2003) finds 
that they also tend to be goal-oriented, have positive attitudes, and enjoy collaboration.  
Millennials represent the emergence of an “information-age” mindset, having grown up with 
computers as an assumed part of life (Whipple, 2011) and they prefer typing to handwriting 
(Oblinger, 2003).  Oblinger does not provide evidence for his claims but he references some 
qualitative studies to support his claims.  According to Donnison (2007):  “The Millennials’ 
collaborative attitude extends beyond peer group associations encompassing their relationship 
with their parents, whom they are said to respect, grandparents, whom they are said to admire and 
wish to emulate, and social institutions, which they see as supportive of and concerned for their 
interests and needs” (p. 7).  Several authors have noted that millennials seek to be respected by 
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having their contributions appreciated by others (Fahlbusch, 2008; Richardson, 2011).  According 
to Gorman (2004), millennials have superior written communication skills, but Hartman and 
McCambridge (2011) disagree, stating that they are lacking in both oral and written 
communication skills.  Gorman (2004) bases his claims on the beliefs of parents regarding the 
positive impact of the Internet on their children’s written communication (p. 257), but Hartman 
and McCambridge (2011) state that they have studied millennials’ communication skills and 
found “a gap between where these students are and where they need to be” in terms of their level 
of competence (p. 23).  They do not, however, provide the results of their study.   
Fahlbusch (2008) demonstrates that the millennial generation has characteristics and 
tendencies that cause generational theorists to think that they will become America’s next ‘Hero’ 
generation.   According to Simoes (2008), Heroes are “conventional, powerful, with a great faith 
in social institutions, and a profound trust in authority” (p.4).  Howe and Strauss contend that 
there have been four ‘Hero’ generations in American history:  “They are the Glorious (“Empire-
builders” born 1648-1673), Republican (“Nation-founders” born 1742-1766), Progressive 
(“Grand-Victorian modernizers and systemizers” born 1843-1859), and G.I. (“Globe-conquers” 
born 1901-1924) generations” (Fahlbusch, 2008).   
Given that much of the research on millennials was done before the oldest of the 
millennials was 25 years old, there is not much data to support the conclusions of these authors.   
Most of the findings are based on the self-reporting of adolescents and conjecture based on the 
idea that certain tendencies in an individual when young will result in predictable outcomes when 
the person matures.  Even the newer articles base their findings primarily on the insufficient data 
of earlier articles rather than on new research (Emeagwali, 2011 Chaudhuri & Ghosh, 2012; 
Richardson, 2011; Hartman & McCambridge, 2011).  Despite the dearth of evidence-based 
conclusions, the purpose of identifying the potential of this generation is to alter the educational 
environment before the millennials are too old to benefit from the changes.  By the time 
conclusive data on millennials and their adult behaviors can be collected there will be few 
millennials who can benefit from instructional improvements.  This is an ongoing challenge for 
each generation.   
 
 
2.2.2 Generational Theory   
 
 
According to Strauss and Howe’s Generational Theory, there are four generational 
“turnings” or stages, which alternate in a cycle.  They are:  a Prophet generation, a Nomad 
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generation, a Hero generation, and an Artist generation (Drago, 2006).  Strauss and Howe (1997) 
define a generation as the “aggregate of all people born over roughly the span of a phase of life 
who share a common location in history and, hence, a common collective persona” (p. 16).  A 
generation is thus “forged through common experience” (Drago, 2006).  According to Howe and 
Strauss (2000), a generation is marked by: perceived membership, common beliefs and behaviors, 
and a common location in history.  Simoes (2008) points out: “the notion of ‘generational trait’ 
resembles the empirically validated concept of ‘cohort effect’” (p. 1).  “The term “Cohort Effect” 
is used in the field of Social and Human Sciences to describe the influence of being born and 
raised in a time and situation which are shared by other members of a group.  By sharing these 
temporal and spatial elements, the members of one group of people have similar experiences 
which make that set of people unique in respect to any other group” (Simoes & Gouveia, 2008).    
 
2.2.3 Generational Research Negatives 
 
 
Although this research project has as a premise that generations have unique 
characteristics and that the millennial generation in particular has unique educational needs, it is 
important to note that generational theory is not universally accepted.  According to Parry and 
Urwin (2011), while generational theory is popular, there has been little scholarly work done to 
either confirm or refute the generational stereotypes.  Cavicchia (2006) points out that some 
“generational traits” are a function of other factors such as age.  Parry and Urwin (2011) state: 
“Significant research is required first to disentangle cohort and generational effects from those 
caused by age or period”.  Parry defines age effects as behaviors that naturally change as an 
individual matures and period effects are those that are the result of external influences during the 
person’s life.  
Other authors point out that generational research focuses on only certain segments of 
society.  It tends to exclude Immigrants and non-English-speaking Americans, as well as those 
who live beyond the borders of the United States.  It excludes anyone on the margins of 
mainstream consumer or cultural behavior (Vaidhyanathan, 2008).  Reeves (2006) states, “No 
national surveys related to generational differences that cut across the full range of 
socioeconomic status (SES) groups in the USA can be found in the literature.”  He also states that 
there is a dearth of literature “that specifically addresses the generational differences among those 
who will not enter higher education or who are more likely to assume ‘blue collar’ or service 
industry jobs.” 
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Some researchers are concerned that the terms used to label the generations are 
inconsistent and that the cutoff dates of generations are arbitrary:  “The nomenclature used to 
label the generations is not standardized because the various people writing about generational 
differences have come up with a variety of different names to label the various generations.” 
(Reeves, 2006)  Vaidhyanathan (2008) states, “Ask any five people when Generation X started 
and ended.  You will get five different answers.  The borders of membership could not be more 
arbitrary.”  Vaidhyanathan (2008) believes that the idea that millennials can be grouped for the 
purposes of educational research is questionable. 
 
   
2.2.4 Learning Preferences of Millennials 
 
 
Due to shared experiences, generational theorists suggest it is probable that millennials 
learn differently from previous generations (Brown P. , 2011; Roberts, Newman, & 
Schwartzstein, 2012).  Millennials have grown up with video games, Internet, Facebook, Twitter, 
MySpace, Skype, iPods, and iPhones as “appendages” to their bodies (Chaudhuri & Ghosh, 2012) 
to the extent that they see technology as part of their lives and inseparable from whom they are 
(Hartman & McCambridge, 2011).  They prefer experiential learning, trial-and-error approaches 
to problem-solving, and a clear structure of accountability (Oblinger, 2003).  They want 
immediate feedback from their teachers and they have high expectations of their learning 
experience (Gleeson, 2003).  They expect to be praised consistently (Richardson, 2011).  
Millennials desire on-going grade information so they know precisely how they stand (Wilson, 
2005).  They enjoy awards and certificates (Roberts, Newman, & Schwartzstein, 2012).  
According to a study by Wilson and Gerber (2008), millennials have gaps in their knowledge 
base, particularly in the areas of analytic reading, mathematical reasoning, and scientific 
understanding.  Another study by Hartman and McCambridge (2011) revealed that millennials 
also have deficiencies in oral and written communication skills.  As a result, it is important for 
teachers to take time to assess prior knowledge and prerequisite skills (Wilson & Gerber, 2008).  
Wilson and Gerber’s research (2008) does not indicate why millennials may have these 
deficiencies, but Hartman and McCambridge (2011) point to their high degree of technology 
exposure as a possible cause: 
All their lives millennials have been with cell phones, pagers, computers, 
personal electronic entertainment, and most recently are constantly connected to 
social media outlets.  They have more technology exposure than any previous 
generation.  Yet this very fact of constant, informal, technology-based 
“connectedness” may have resulted in their acknowledged shortcomings. (p. 24) 




In the classroom, most millennials enjoy active learning (Brown P. , 2011), believing that 
“doing is more important than knowing.”  They tend to use a trial-and-error approach to problem 
solving rather than previous generations’ logical, rule-based approaches (Oblinger, 2003).  
Multitasking is something with which most are very comfortable – they believe that they can 
handle a variety of tasks at once while still paying attention to each task (Richardson, 2011).  
Additionally, these students usually have a strong demand for immediacy (Chaudhuri & Ghosh, 
2012), desiring quick feedback and results and displaying very little tolerance for delays 
(Oblinger, 2003).  Because millennials have grown up with supportive parents (Elam, 2007), 
most want their teachers to be highly involved as well (Brown P. , 2011).  Ewen (2005) suggests 
teachers mentor their students, giving them their time and explaining to them what is going on 
and why.  They are often looking for ‘heroes’ who are real and believable (Wilson, 2005) and 
they will be loyal and committed to a worthy leader (Drago, 2006).  Most millennials champion 
ideals and are motivated by honor (Simoes & Gouveia, 2008), so it is very important to them that 
their role models show the highest levels of honesty and integrity (Jonas-Dwyer & Pospisil, 
2004).  They generally care about establishing “rapport” with their instructors (Kipnis & Childs, 
2005) and want to be respected (Jonas-Dwyer, 2004).  Kipnis (2004) suggests teachers build 
relationships with students (particularly in high school and university) rather than using a 
hierarchical model.   Kipnis also states that teachers should establish their authority, but invite 
participation, show empathy, and keep a welcoming environment.  
Millennial students tend to have high expectations of success (Elam, 2007) and want a 
structure of accountability (Reeves, 2006).  To meet these needs, Dzubian (2005) suggests 
teachers have clearly defined objectives, give precise instructions for assignments, and make 
deadlines very clear to students.   Most millennials have high expectations of professors and want 
them to be available whenever they have a problem (Duck & Koeske, 2005).  Because of this, 
they have little tolerance for delays (Oblinger, 2003).  “They have high expectations and have 
become the ultimate consumers” (Duck & Koeske, 2005).  To remain competitive, educational 
institutions should consider these students’ educational preferences (Oblinger, 2003).  Gleeson 
(2003) stresses the importance of timely feedback.  Kipnis (2005) suggests communicating with 
students through a range of media, and offering them extensive help options.  Jonas-Dwyer 
(2004) suggests teachers find a way to be available for support 24 hours a day, seven days a 
week.  Moreland (2006) suggests responding to student questions within the same day or at least 
within 24 hours.  The millennial student needs a new kind of teacher, one that can check in with 
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them frequently and who is available for questions whenever they arise (Jonas-Dwyer & Pospisil, 
2004). 
Millennials are used to a structured lifestyle (Elam, 2007) and generally prefer a 
structured classroom (Roberts, Newman, & Schwartzstein, 2012).  Gleeson (2003) suggests 
teachers set ground rules early, telling students what is expected up front.  Teachers should 
establish clear expectations and be consistent (Cvancara & Treinen, 2007) and they should give 
specific directions and avoid open-ended instructions (Moreland & Smith, 2006).  Monaco (2007) 
recommends teachers provide a detailed course calendar with test and assignment dates.  Ideally, 
they should also post daily learning outcomes at the beginning of each class.  Millennial students 
are likely to question everything (Drago, 2006), so it is crucial to define goals clearly and 
accurately assess their progress.  Ewen (2005) suggests that teachers define assignments very 
clearly and identify ‘success factors’ so that students know exactly what is expected.  Millennials 
seek purpose and meaning (Emeagwali, 2011).  To help meet these needs, it is important for 
teachers to always give the rationale behind their instructions (Tyler, 2007).  Millennials tend to 
like to see how learning is relevant (Nimon, 2007).  Cvancara (2007) suggests that professors 
intentionally link teaching to real-life applications and carefully explain the value of course 
materials.   Most millennial students want to be consulted and have some input into what they do 
(Brown P. , 2011).  They want to have their contributions valued and their ideas treated with 
respect (Fahlbusch, 2008) and they appreciate choices and personal customization (Sweeney, 
2005).  Kipnis (2005) and Wilson L. (2005) suggest teachers involve students in decisions about 
rules and learning structure, offering real choices.  Teachers could also provide opportunities for 
selecting or defining some aspect of an assignment (Kipnis & Childs, 2005) or they could expand 
class projects from the traditional paper to include other types of demonstrations of learning 
(Cvancara & Treinen, 2007).        
Focused on grades and performance (Oblinger & Oblinger, 2005), millennial students 
tend to be results-oriented and believe in merit-based systems (Sweeney, 2005; Sweeney, 2006).  
They benefit from ongoing grade information to let them know how they stand (Wilson & 
Gerber, 2008).  Wilson (2005) suggests teachers provide “rites of passage” experiences to mark 
advancement towards a goal.  Most millennials appreciate detailed and positive written comments 
(Moreland & Smith, 2006) and enjoy certificates and awards (Richardson, 2011).   Fahlbusch 
(2008) suggests teachers provide constructive criticism with specific points for improvement and 
possibly allow students to redo an assignment for a better grade (Cvancara & Treinen, 2007).  
Millennial students can be sensitive to criticism (Keene & Handrich, 2010), so teachers need to 
focus on encouraging dialogue and interaction (Dziuban, 2005), taking the time to really listen to 
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them (Ewen, 2005).  Wilson (2005) suggests teachers give personal feedback such as marginal 
notes in assignments.  Moreland (2006) suggests making opportunities to discuss grades with 
students.  It is helpful to develop a well-defined grade appeals policy (Monaco & Martin, 2007).   
Several authors have noted that millennials have some “holes” in their knowledge base 
(Wilson & Gerber, 2008; Keene & Handrich, 2010).  Some professors find them to be poorly 
prepared for college (Emeagwali, 2011), especially in the areas of analytic reading, quantitative 
reasoning, application of prior knowledge, and scientific understanding (Wilson & Gerber, 2008).  
This may account for the poor results on standardized statistics assessments and the general state 
of statistics education.  Elam (2007) recommends assessment as a good method to figure out what 
students know and pinpoint the gaps in their education.  It is important for teachers not to make 
assumptions; taking time to assess prior knowledge and skills is crucial (Wilson, 2005).  
Throughout instruction, teachers should use frequent quizzes to check student learning (Cvancara 
& Treinen, 2007).  Some authors find that millennials lack critical thinking skills, self-reliance 
and initiative (Dziuban, 2005; Nimon, 2007).  Creative teaching may be able to improve the 
situation.  Teachers can present different viewpoints to students and teach them how to think 
critically about each point of view (Reith, 2005).  Academic ideas can be connected with other 
disciplines and with the real world (Moreland & Smith, 2006).  Segovia (2006) recommends 
designing exams and projects to assess higher levels of learning.  Course requirements should 
encourage critical thinking and appraisal (Wilson, 2005).  To improve initiative and self-reliance, 
students can be encouraged to take “ownership” of their learning (Moreland & Smith, 2006).  
According to Moreland and Smith (2006), “Ownership” involves teaching students to make their 
own decisions regarding what work and reading is necessary in order to succeed in class.  Wilson 
(2005) suggests negotiating alternatives to assignments when initiated and well thought out by 
students.  
Most millennials read less than other generations (Sweeney, 2005), but Gleeson (2003) 
points out that there are exceptions.  Some do read, so teachers should provide back-up 
information.  It is helpful to tie participation points to reading assignments and to give online 
quizzes with deadlines that end before each class begins (Segovia, 2006).  Another method is to 
have students write brief “critical summaries” of reading material.  It is important to provide 
examples of good summaries so that students know what is expected of them.  Teachers should 
not assume that reading assignments have been completed and comprehended (Wilson & Gerber, 
2008).  A study found that “more than 75% of students at 2-year colleges and more than 50% of 
students at 4-year colleges do not score at the proficient level of literacy” (Wilson & Gerber, 
2008).  In addition to reading deficiencies, there is some evidence that suggests millennials have 
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shorter attention spans than previous generations (Duck & Koeske, 2005).  This may be a result 
of their propensity to multitask (Gehlen-Baum & Weinberger, 2012). The shorter attention span 
can cause millennials to shift attention quickly, so it is helpful to present material in “bite-sized” 
chunks (Gauthier, 2007).  “Modular” approaches work well (Wilson & Gerber, 2008).  
Millennials like to see the big picture first (Duck & Koeske, 2005), so teachers should offer 
simple overviews before concentrating on details.  Facts and data should be situated within larger 
contexts (Wilson, 2005).  Carlson (2006) recommends multimedia, incorporating text, video and 
sound into presentations for interest.  Millennials want a variety of sensory input (Keene, 2010) 
and they are visual communicators (Oblinger & Oblinger, 2005).  Keene (2010) suggests 
materials that are rich in images.  Teachers should try to design visually appealing handouts and 
online modules (Kipnis & Childs, 2005).  In order to reach millennials, professors need to be 
creative in their use of teaching approaches and learning activities and should incorporate 
technology (Jonas-Dwyer & Pospisil, 2004). 
According to Richardson (2011) multitasking is a way of life for millennials.  Gauthier 
(2007) suggests that it is helpful to combine traditional modes of teaching with multidirectional 
and multitasking approaches.  Millennials learn experientially more than students from previous 
generations (Sweeney, 2005) and prefer active and hands-on learning activities (Cvancara & 
Treinen, 2007).  Gleeson (2003) recommends making things fun, allowing students to come up 
with their own solutions.   Millennials want to enjoy their work (Ewen, 2005).  They tend to be 
entertainment driven (Drago, 2006) and enjoy learning through discovery (Oblinger & Oblinger, 
2005).  According to Bennett (2008), teachers should plan to use discovery-based learning 
methods and give students time to explore and test ideas.  It is also helpful to allow and 
encourage humor in the classroom (Jonas-Dwyer & Pospisil, 2004; Brown P. , 2011).  These 
students want interactivity (Taylor & MacNeil, 2005).  Carlson (2006) suggests using an online 
course-management system that is interactive.  Segovia (2006) suggests using PowerPoint 
presentations that include Personal Response System questions to answer.  Personal Response 
System questions involve the use of “clickers” to allow students to respond to questions in the 
lecture and then see the results on subsequent slides.  Because many millennials spend a 
significant amount of time playing video games (Zickuhr, 2011), they like trial-and-error 
approaches to problem solving (Oblinger, 2003).   Where possible, teachers should present some 
information in “game” form, with quick feedback and frequent rewards (Wilson & Gerber, 2008).  
Moreland (2006) suggests evaluating student learning through active experiences.  Millennials 
seek meaning (Emeagwali, 2011) so teachers should use realistic learning environments and real-
life examples (Cvancara & Treinen, 2007).  Teachers need to expressly connect course content to 
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students’ lives and encourage them to apply learning to their past, present, and futures (Segovia, 
2006).   Millennials may choose not to pay attention to things that do not interest them (Oblinger 
& Oblinger, 2005), so teachers should try to design assignments that have meaning for them 
(Gleeson, 2003).  Blending interactive activities into a traditional passive lecture can be helpful 
(Cvancara & Treinen, 2007).  In some cases, it is good to streamline course requirements to what 
is most essential (Moreland & Smith, 2006).  
Most millennials are comfortable with technology (Zickuhr, 2011), but it is important for 
teachers not to assume competence (Keene & Handrich, 2010).  Wilson (2005) suggests assessing 
their technological skills to determine what they know.  Most millennials do not view computers 
as technology, but rather as a household appliance that has always existed (Hartman & 
McCambridge, 2011). They are fascinated with new technologies (Oblinger & Oblinger, 2005), 
so where appropriate, Jonas-Dwyer (2004) recommends the use of emerging technologies.  
Moreland (2006) warns that instructors must be able to make good use of technology.  According 
to Moreland, students prefer that a teacher be able to use technology well than to use it poorly 
more often.  Millennials have great access to information (Dziuban, 2005).  They want all 
research to be current (Kipnis & Childs, 2005) and “portability” of information is important to 
them (Sweeney, 2005).  Dziuban (2005) states that millennials want access to course materials 
anytime, anyplace.  Millennials spend a great deal of time on-line (Keene & Handrich, 2010), and 
some authors refer to them as “connected,” “tethered,” or the “Net generation.” (Tyler, 2007; 
Bennett, 2008).   Nimon (2007) reports that millennials are “always in contact with each other 
and the world around them via email, mobile or internet.”  Jonas-Dwyer (2004) found that 
millennials prefer electronic forms of communication and stresses that teachers should include 
opportunities for electronic communication and interaction.  Segovia (2006) suggests the 
development of learning modules with hyperlinks to resources and the use of computer-graded 
sites of publishers.  To appeal to millennials, it is best for teachers to use on-line means (email, 
websites and public folders) to post reminders, due dates, and grading criteria (Wilson, 2005).  
Due to their connectivity, millennials have a global, international outlook (Nimon, 2007).  Ewen 
(2005) states that millennials should be encouraged to use their networking abilities and that 
teachers should provide opportunities for them to network around the world electronically.  
According to Richardson (2011), millennials are team-oriented and collaborative.  Gleeson 
(2003) states that professors should encourage collaboration yet still provide supervision and 
structure.  Teams of two or three are optimal (Wilson & Gerber, 2008) and it is possible to allow 
friends to work together (Jonas-Dwyer & Pospisil, 2004).  Teachers should provide opportunities 
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for in and out of class “social learning.”  Millennials learn well with this approach according to 
Monaco (2007).  
Oblinger describes how some universities have attempted to meet the needs of this new 
generation of students:  MIT implemented WebLab, a microelectronic laboratory that can be 
accessed 24 hours a day.  The University of Virginia made an interactive history Web site “The 
Valley of the Shadow” in which students can explore authentic historical documents to draw their 
own conclusions about the Civil War.  Other universities have developed simulations to teach in 
some subject areas such as epidemiology.  Drexel University designed a system allowing students 
to stay connected by giving them the option to have relevant personal announcements sent to their 
mobile devices automatically (Oblinger, 2003).   
A growing body of evidence suggests that today’s college and university students have 
new aptitudes and attitudes unique to their generation (Oblinger, 2003; Emeagwali, 2011).  They 
are skilled with information technology, love to work collaboratively, stay connected by 
technological means, and have an amazing propensity and desire to multitask.   
 
 
2.3 Multitasking      
  
   
It could be argued that the millennials’ trait that has the most implications for education 
is their predilection for multitasking environments (Oblinger, 2003; Richardson, 2011; Zhang & 
Zhang, 2012).  These students “appear to be quite comfortable when engaged in multiple 
activities simultaneously, such as listening to music, sending instant messages, doing homework, 
and chatting on the phone” (Oblinger, 2003).  Multitasking is so ubiquitous that even authors who 
are against the practice admit that it may be impossible to prevent millennial students from 
multitasking (Hamilton, 2008; Rosen, 2008).  According to Frand (2000), students have openly 
admitted to emailing and playing online games in class.  Furthermore, the level of multitasking is 
increasing with each generation (Carrier, 2009; Zhang & Zhang, 2012).  Research on multitasking 
and theories of multitasking are discussed in this section.  
 
2.3.1 Research on Multitasking 
 
 
The most important part of multitasking research is the fact that multitasking affects 
learning (Jacobsen & Forste, 2011).  Foerde’s (2006) study demonstrated that multitasking affects 
the kinds of learning that occur and the brain areas involved in learning.  Some researchers argue 
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that this can be negative due to the areas of the brain where learning occurs.  Foerde, Knowlton 
and Poldrack (2006) believe that multitask learning will occur in the Striatum rather than the 
Hippocampus and therefore be less flexible and less easily retrieved.   According to Prensky 
(2001) the ubiquitous environment that millennials find themselves in and the sheer volume of 
their interaction with it, causes them to think and process information fundamentally differently 
from their predecessors.   Prensky quotes Dr. Berry of Baylor College of Medicine, “Different 
kinds of experiences lead to different brain structures.”  Prensky believes that these differences go 
far further and deeper than most educators suspect or realize and that adjustments in pedagogy 
should be made.   
Rekart (2011) analyzed brain patterns of individuals engaging in dual-task multitasking and 
found that the total amount of brain activity present while multitasking was less than the sum of 
brain activity present when the two tasks were performed separately.  In separating infrequent 
multitaskers from heavy multitaskers, “the study found that individuals who multitasked more 
often were more distractible than those who did so less often” (p. 61).  In addition, heavy 
multitaskers were found to have more difficulty switching between stimuli than lighter 
multitaskers.  Rekart concludes that these results “may have far-reaching ramifications as they 
suggest that lifestyle choices may be changing how an entire generation attends to information” 
(p. 61). 
Jacobsen and Forste (2011) explored media multitasking, finding that electronic media use 
is negatively associated with grades.  In addition, they discovered that “about two-thirds of 
students reported using electronic media while in class, studying, or doing homework” (p. 279).  
The authors are concerned that the volume of media multitasking may lead to distraction, proving 
detrimental to students’ academic performance (Jacobsen & Forste, 2011). 
Brasel and Gips (2011) studied media multitasking with a computer and television.  They 
created a video record of sessions and analyzed the results, while also using a survey to discover 
the behaviors that participants would self-report.  “The video record revealed that the computer 
dominated the television for visual attention.  Participants spent 68.4 percent of their time 
attending to the computer (on average) and 30.6 percent of the time attending to the television” 
(p. 529).  Survey results indicated that participants significantly underestimated the amount and 
frequency of attention switching in which they engaged. 
Farmer, Janssen and Brumby (2011) designed a dual-task experiment where individuals 
decided on the amount of time to spend on each task before switching to the other.  They 
discovered that participants “made fairly sophisticated judgments about the amount of time to 
spend on one task before switching to another, and in that way achieved near optimal 
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performance (in terms of received feedback)” (p. 867).  Janssen et al. (2011) designed another 
experiment involving dual-task switching strategies and found that participants’ prediction of the 
optimal strategy was “remarkably high across a number of performance measures” (p. 2).  
Janssen’s research suggests that students have the ability to multitask and that this ability may be 
better than many researchers believe. 
Ie, Haller, Langer and Courvoisier (2012) studied “mindful” flexibility and its impact on 
multitasking ability.  The authors define mindfulness as “the ability to remain implicitly or 
explicitly aware of multiple perspectives of a situation” (p. 1527). They discovered that younger 
individuals and those with a “dispositional tendency to be more mindful” were better at 
multitasking.  This suggests that multitasking ability is not uniformly manifest among the 
population and that a generation with common experiences may develop this ability to a greater 
extent.   
Strobach, Frensch and Schubert (2012) studied the effects of video game practice, 
demonstrating that it positively affects executive control.  “Executive control skills control and 
manage other cognitive processes.  They are particularly involved in the processing of complex 
task situations such as those requiring participants to execute different tasks simultaneously or 
sequentially with rapid switches between them” (p. 13).  Those who played video games also 
showed improved spatial and temporal visual attention and visual attentional capacity when 
compared to those who did not.  According to Strobach, Frensch and Schubert (2012), “having 
participants play action games for 10 or more hours improves their performance on a number of 
basic laboratory tasks testing attentional abilities; the latter finding is an indicator for the causal 
role of action video game playing in the observed improvements” (p.13). 
Junco (2012) studied the frequency with which students multitasked during class.  He 
found that the unstructured use of laptops led to frequent off-task activity such as checking email 
and playing games.  Wood et al. (2012) found that students who used Facebook while listening to 
lectures scored significantly lower on tests than those who were only allowed to take notes on 
paper.  Surprisingly, however, the scores of students who texted, emailed or sent IMs did not 
differ significantly from students in control groups.  Junco’s (2012) research found the same 
negative effect for in-class Facebook users, but also found texting to be detrimental:  “Results 
from the hierarchical linear regression show that using Facebook and texting during class were 
negatively predictive of overall semester GPA” (p. 2241).  Emailing and Internet searching, on 
the other hand, were not found to impact students’ GPA.  The author theorizes that there is a 
distinction between social and information-gathering behaviors, with social multitasking 
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impeding learning, but information-gathering (academic) multitasking supporting in-class 
learning.  
Zhang and Zhang (2012) studied the theory of “uses and gratifications” as an explanation 
for multitasking in computer-mediated communications.  They define a “gratification” as the 
pursuit of social and psychological needs.  According to Zhang and Zhang (2012), “Computer-
mediated communication gratifies users in information seeking, entertainment, convenience, 
passing time, and interpersonal utility” (p. 1884).  This suggests that the prevalence of 
multitasking among millennials is due to perceived needs.  In a separate study of the motivation 
behind multitasking, Wang and Tchernev (2012) discovered that multitasking is cognitively 
ineffective, but that it meets emotional needs, such as feeling entertained or relaxed.  In reading a 
passage from a textbook, students engaged in multitasking behaviors took roughly 21% more 
time compared to those who were not multitasking (Bowman, Levine, Waite, & Gendron, 2010).  
Despite the inefficiency of the practice, the authors note that multitasking is becoming 
increasingly popular.  They conclude: 
In the long run, it is likely that this emotional gratification associated with 
multitasking serves as an implicit yet powerful drive, similar to the formation of 
implicit attitudes through classical conditioning (Olson & Fazio, 2001), to engage 
the students in media multitasking again and again.  In this sense, the ‘myth’ of 
multitasking actually is partially caused by the ‘misperception’ of the efficiency 
of multitasking and by positive feelings associated with the behavior, which is 
emotionally satisfying but cognitively unproductive. (p. 509-510). 
 
 
2.3.2 Theories of Multitasking 
 
 
Theories of human multitasking have roots in two principal areas of research, Task-
Switching and Dual-Task Performance, dating back to the work of Jersild (1927) and Telford 
(1931). The two areas of research have been largely investigated separately despite the fact the 
researchers have identified costs associated with both activities and that there are many 
overlapping principles (Pashler, 2000).  Telford’s (1931) work produced the concept of the 
“Psychological Refractory Period” (PRP) in which the second task invariably suffers a penalty in 
performance.  According to Pashler (2000), Task-Switching refers to activities that follow in 
series usually separated by a small time interval.  The costs to performance increase as the time 
between tasks is reduced and the cost is almost invariably associated with the second task.  Dual-
Task activities involve either simultaneous or quasi-simultaneous activities.  According to Pashler 
(2000), the costs associated with Dual-Task activities are related to queuing at the central 
processing stage.  Queuing occurs when tasks must go through a processing step that has a single 
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processor (i.e. the central processing stage) and therefore tasks are queued and completed in order 
of appearance.  This is why Pashler believes the second task invariably suffers in Task-Switching.  
While the rest of the task may have processes that occur in independent processors (and therefore 
can be simultaneously processed), the single processor queues result in incomplete Dual-Task 
processing.  Pashler posits that queuing problems may indicate that true Dual-Task behavior is 
not possible for the human brain.  More recently, however, researchers have discovered that it is 
possible to optimize performance in dual-task settings (Farmer, Janssen, & Brumby, 2011), 
indicating that multitasking costs can be minimized.  While there could still be some costs 
associated with Task-Switching and Dual-Task processing, most researchers agree that 
multitasking is necessary at some level (Kushleyeva, 2005).  Multitasking is defined as the 
simultaneous processing of two or more dissimilar tasks (Levy & Pashler, 2008). Tasks such as 
driving or piloting an aircraft have been studied and resulted in models such as ACT-R (Adaptive 
Control of Thought-Rational) due to both the necessity of multitasking and the success with 
simultaneous task processing (Levy & Pashler, 2008).  Salvucci (2009) argues that multitasking 
exists as a continuum between Task-Switching over long periods of time and Dual-Task 
processing that can be viewed as immediate Task-Switching.  According to Salvucci (2009), the 
continuum exists due to the fact that some tasks have little to no task switching costs (these would 
be considered Dual-Task) while other tasks have considerable task switching costs (these would 
be considered Task-Switching).  By using the switching cost as a parameter, Salvucci (2009) 
argues that multi-tasking can be explained by a singular mechanism for both. 
According to Borst (2007), Telford’s work in 1931 led to Welford’s 1952 research and 
eventually the “Single-Channel Hypothesis” in which the costs associated with multitasking 
result from channel switching.  Channel switching refers to the time it takes for a processing stage 
to switch from one task to another.  Borst (2007), however, and Salvucci (2005) both argue that 
the Single-Channel Hypothesis was unable to explain the results of numerous multitasking 
experiments.  The Single-Channel Hypothesis was later replaced by the Unitary-Resource Theory 
(Kahneman D. , 1973), and then by the Multiple-Resource Theory (Navon & Gopher, 1979).  
While these models were better at explaining observed phenomena, they could not adequately 
describe the human’s ability to multitask in many circumstances (Borst, 2007).  The Multiple-
Resource theory was the closest model but having numerous resource centers of the brain resulted 
in more bottlenecks that in reality did not occur.  Executive-Process Interactive Control (EPIC) 
added the idea of an “executive” to control tasks (Meyer & Kieras, 1997), however the necessity 
for specialized executives did not explain the brain’s ability to handle new multitasking 
applications (Borst, 2007).  Kieras and Meyer (2000) designed a generalized version of EPIC that 
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did not require specialized executives and therefore could explain the brain’s ability to multitask 
in new situations.  Tests of the generalized version of EPIC revealed that it could only explain 
novice multitasking applications and not multitasking applications involving higher order 
processing (Salvucci D. , 2005).  Anderson et al. (2004) developed ACT-R (Adaptive Control of 
Thought-Rational) that is based on having multiple threads as opposed to resource centers and 
that the brain can prioritize certain threads as needed.  According to Borst (2007), ACT-R is the 
only model of multitasking that adequately explains the multitasking data obtained by 
researchers.  Given the ability of this model to explain multitasking, it is important to recognize 
that this model suggests that humans can effectively multitask and that multitasking can be 
improved by training (Salvucci D. , 2009).  This contradicts the work of Ie, Haller, Langer and 
Courvoisier (2012) which may indicate that the ACT-R model incorrectly predicts the success of 
training on multitasking ability.     
Multitasking research indicates that many of the leading arguments against multitasking 
are based on inaccurate models (such as the Single-Channel model) (Borst, 2007).  If multitasking 
is an innate human ability which may or may not be improved by training, then it is possible that 
the millennial propensity towards multitasking should be encouraged and emphasized in an 
educational environment. 
 
2.3.3 Theories against Multitasking 
 
 
Although some authors believe that multitasking is possible, other authors disagree.  Some 
even believe that it is harmful.  “Many studies have demonstrated the negative effects of 
multitasking; the quality of one’s output and depth of thought deteriorate as the number of 
parallel tasks increase” (Ballagas, 2011).  According to Shellenbarger (2003), “Trying to do two 
or three things at once or in quick succession can take longer overall than doing them one at a 
time, and may leave you with reduced brainpower to perform each task” (p. 1).  Jordan Grafman, 
chief of cognitive neuroscience at the National Institute of Neurological Disorders and Stroke 
states the following, “One of the biggest problems about multitasking is that it’s almost 
impossible to gain a depth of knowledge of any of the tasks you do while you’re multitasking.  
And if it becomes normal to do, you’ll likely be satisfied with very surface-level investigation and 
knowledge” (Aratani, 2007).  Shellenbarger (2003) states, “People who multitask are actually less 
efficient than those who focus on one project at a time, according to a study published in the 
Journal of Experimental Psychology.  The lost time switching among tasks increases with the 
complexity of the tasks, according to the research by Dr. Meyer and others” (p. 1).  Srivastava 
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(2013) states, “Results from analysis of error rates showed that multitasking forced higher error 
rates for recognition and was associated with more frequent errors during free recall” (p. 894).  In 
his study investigating the multimedia combination of Internet-based reading and listening to 
audio messages, Srivastava found that increased motivation resulted in more thorough and 
comprehensive cognitive processing, but that the constraints of multitasking mitigated the 
positive effects (Srivastava, 2013).  
Poldrack notes that different parts of the brain are active during multitasking:  “When 
subjects were focused on sorting, the hippocampus – the part of the brain responsible for storing 
and recalling information – was engaged.  But when they were multitasking, that part of the brain 
was quiet and the part of the brain used to master repetitive skills – the striatum – was active.  
Multitaskers ‘may not be building the same knowledge that they would be if they were focusing,’ 
Poldrack said” (Aratani, 2007).  Dzubak (2008) agrees, “When learning with distractions 
associated with multitasking, students’ brains are trying to ‘wing it’ by using a region, the 
striatum, that is not best suited for long term memory and understanding” (p. 4).  Meyer pointed 
out that if some parts of the brain are less active during multitasking, then it could be harmful to 
teenagers who are still developing their ability to think and analyze (Aratani, 2007).    
Researchers have noted the effects of multitasking in a classroom environment.  
According to Dzubak (2008) in a study involving students who were permitted to engage in 
computer browsing during a classroom lecture, it was found “that there was a decrease in memory 
of lecture content by the browsers.”  Ellis (2010) conducted a study on the effects of texting in 
class and stated the following: “The results of the study show that the quiz scores of texting 
students were significantly lower than the exam scores of non-texting students.  We also 
performed additional analyses on the impact of texting using gender and GPA.  The results show 
that regardless of gender or GPA, grade performance is lower when multitasking takes place in a 
learning environment” (p. 7).  Kraushaar (2010) studied student multitasking with laptops during 
lectures and found that the multitasking content made a difference in performance:  “These results 
show that students who allocate more cognitive resources to generating distractive rather than 
productive software windows exhibit lower academic performance” (p. 249).  Hembrooke and 
Gay (2003) found the reverse to be true, that the multitasking content did not matter:  “In two 
studies, students performing multiple tasks performed significantly poorer on immediate 
measures of memory for the to-be-learned content.  In follow-up analysis we discovered that 
page-relevant content did not predict better performance, and spending the majority of class time 
on class related content did not result in better test performance” (p. 13-14). 
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Some authors are concerned that multitasking produces negative effects beyond merely 
lack of efficiency and superficiality of knowledge acquisition.  Shellenbarger (2003) states, 
“People who are multi-tasking too much experience various warning signs; short term memory 
problems can be one.  Intense multitasking can induce a stress response, an adrenaline rush that 
when prolonged can damage cells that form new memory, Dr. Meyer says.  Other red flags are 
changes in your ability to concentrate or gaps in your attentiveness” (p. 2).  According to Enquist 
(2009), “There are also serious questions being asked by brain researchers about (1) the increase 
in errors caused by multitasking and (2) how task switching affects a person’s ‘cognitive style.’  
In other words, when we are constantly juggling different mental tasks, do we make more 
mistakes and are we conditioning our brains to work less effectively?” (p. 8).  According to Hill 
(2010), heavy multitaskers can lose the ability to focus and prioritize information: “One recent 
study on multitasking evaluated the multitasking habits of two groups of college age students.  
Conducted by Eyal Ophir, Clifford Nass, and Anthony D. Wagner at Stanford University, 
students who were considered to be heavy multitaskers were found to be unable to focus on one 
particular task, taking all the information in front of them and placing it on one strategic plane.  
These heavy multitaskers just could not ignore environmental distractions nor could they 
prioritize the information they had in front of them” (p. 34).  Ophir (2009) explains, “These 
results suggest that heavy media multitaskers are distracted by the multiple streams of media they 
are consuming, or, alternatively, that those who infrequently multitask are more effective at 
volitionally allocating their attention in the face of distractions” (p. 15585).  Hill (2010) 
concludes, “So if it seems to take forever for a student to finish homework, take a look at what 
devices they are surrounding themselves with while they are doing their homework and keep in 
mind that the research bears out that forty-seven percent of these heavy multitaskers get mostly 
C’s or lower” (p. 33). 
According to Aratani (2007), “Whatever the consequences of multitasking, they’re going 
to be widespread.  A recent report from the Kaiser Family Foundation found that when students 
are sitting in front of their computers “studying,” they’re also doing something else 65 percent of 
the time.  In 1999, 16 percent of teenagers said they were “media multitaskers” – defined as using 
several types of media, such as television or computers, at once.  By 2005, that percentage had 
increased to 26 percent” (p. 2). 
Some researchers propose that while there is an argument for multi-tasking costs, the costs 
can be mitigated through training (Dux 2009; Farmer, Janssen, & Brumby, 2011).  Behavioral 
studies suggest that multitask training improves the performance of each task, thereby reducing 
the interference that tasks can exert onto each other (Ruthruff, 2001).  Ie, Haller, Langer and 
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Courvoisier (2012), however, argue that multitasking cannot be improved by training and must be 
an innate trait.  The millennials are therefore a particularly multitask oriented generation with a 
skill that could possibly be improved through training, but which will most likely require a new 
form of instructional pedagogy (Brown P. , 2011). 
 
 
2.4 Classroom Intervention Considerations 
 
 
Several components are important to the design of a classroom platform for active in-
class learning that are not specifically related to millennials or statistics instruction.  The 
constructivist approach to classroom instruction, the theory behind educational design 
experiments and the benefits of active learning applications all suggest that a tablet PC 
application should result in increased student engagement and learning.  The pedagogical 
approach of constructivism is believed to be more successful than traditional techniques (Ben-
Ari, 1998) and is the most natural approach to emerge when laptop computers are integrated into 
a classroom (Windschitl & Sahl, 2002).  Design-based research projects (Baumgartner, 2003) and 
design experiments (Brown A. , 1992) test the designed platform in a classroom environment, 
subjecting it to rigorous trials in real-life teaching situations. Classroom applications of active 
learning strategies such as use of pen-based annotations (Anderson & Anderson, 2004) and 
computer mediated feedback through electronic submissions (Anderson R. , 2003) help to create 
an interactive learning environment for students.  Engaged learning is the goal of an “Interaction 
Age” classroom and it is best achieved through the careful design of a technological platform that 
encourages student interaction (Brill & Park, 2008).  Constructivism, active learning, design-
based experiments, and technology-based active learning are discussed in the section that follows.   
  
  
2.4.1 Constructivism as a Teaching Approach 
 
 
The principal idea of constructivism is that through active learning experiences, students 
construct new knowledge by testing previously held beliefs against correct theories provided by 
the instructor.  Da Ponte (2011) points out that statistics teachers need to be trained to create a 
classroom with investigations, explorations and projects, essentially constructivist techniques.  He 
states, “If the students are to experience significant statistics learning, they need to work for an 
extended time on a field of problems, leading to important statistical ideas” (p. 303).  Ben-Ari 
(1998) states that students do not passively absorb knowledge, instead they actively create it.  
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Developing an educational methodology that recognizes this is more successful in the classroom 
than traditional techniques because it “explicitly addresses the inevitable process of knowledge 
construction” (Ben-Ari, 1998).  Learning must be active and collaborative, involving peer and 
instructor feedback in the classroom.  According to Ben-Ari (1998), the constructivist approach is 
more challenging because the instructor must know each student’s prior knowledge of the subject 
and misconceptions.  Simon (1991) adds that construction of new information is stimulated by a 
problem situation.  This situation creates a “disequilibrium” when the student’s “current cognitive 
structures do not adequately solve, explain, predict, or allow for navigation within the situation 
encountered” (p. 310).  Simon (1991) explains that “disequilibrium” leads to mental activity and a 
modification of previously held ideas to account for the new experience.  Students must be 
actively involved for this to occur.  “Students have the experience of creating mathematics not 
just imitating the mathematics of others” (Simon & Schifter, 1991).  In a constructivist classroom, 
students search for patterns, generate ideas and hypotheses, verify their hypotheses, generalize 
and justify their ideas. The teacher becomes the facilitator rather than the person solely 
responsible for imparting knowledge and helps the process by asking probing questions, 
requesting paraphrases, rephrasing student ideas, and managing the discussion.  Problems are 
based on real world experiences.  Simon (1991) suggests that a computer representation is a good 
tool for this approach.  Despite the fact that Piaget did the seminal work for constructivism in 
1955, Windschitl (2002) argues that laptops in the classroom were a catalyst to transform 
teaching toward more constructivist pedagogy.  Windschitl backs his claim by stating that 
“several studies suggest that teachers who use technology tend to become more constructivist in 
their pedagogical orientation over time” (p.166).  The studies referenced by Windschitl were 
completed by Becker and Ravitz (1999), Means (1994), and Mehlinger (1996).   Windschitl 
examined three teachers’ integration of laptop computers into their classrooms and the resulting 
changes in pedagogy over time.  All three teachers experienced some classroom changes in 
varying degrees, which tended toward constructivism.  One of the teachers, for example, began 
year one with a focus on computation, drill and practice, but by year two, was teaching his 
algebra class through richly contextualized problems.  Students were verbalizing their problem-
solving strategies and “representing their thinking” through a variety of means.  Another teacher 
experimented with student-centered activities.  As she did this, there were changes in her 
classroom precipitated by the technology.  The classroom became alive with activity.  Students 
showed creative thinking, independence, and they freely collaborated with one-another.  They 
were engaged in what they were doing and the classroom dynamics were so fully transformed 
that the teacher had to learn to develop a tolerance for the new environment.  The third teacher 
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saw fewer changes in her classroom because she was more focused on traditional forms of 
teaching, standardized curriculum, and order and compliance.  She did not fully integrate the 
laptops into her classroom.  The study points out that in order for computers to be integrated into 
classrooms, with accompanying changes in pedagogy toward constructivism, schools need to 
address teachers’ beliefs about learners and learning. While Windschitl’s research was based on 
High School classrooms, the students in these classes were millennials and the subject matter was 
mathematics.           
 
 
2.4.2 Active Learning 
 
 
Brill (2008) explains that society has moved from an Industrial Age through an Information 
Age to an Interaction Age.  The distinguishing feature of an Interaction Age is the manner in 
which data are used, namely as a means for social interaction rather than merely as a transaction 
of information.  “The role of digital content is broadened as something around which people 
engage and interact” (Brill & Park, 2008).  Classrooms need to reflect this change in order to 
meet students’ needs.  According to Brill (2008), education should move “toward more self-
directed, contextualized, and engaged learning environments and approaches” (p. 70).  Oblinger 
(2005) suggests that classroom interaction should be an important teaching strategy for 
universities and colleges to use with today’s students.   
Millennials crave interactivity and they want instantaneous feedback (Brown P. , 2011).  
They are used to receiving information quickly and they want to parallel process and multitask 
(Oblinger & Oblinger, 2005).  According to Gauthier (2007), these students have a low tolerance 
for boredom, a shorter attention span, and a preference for information presented in small bite-
sized chunks.  The typical traditional classroom does not provide the level of interaction these 
students seek.  Gauthier (2007) states, “Traditional, lecture-based teaching methods fail to capture 
Millennials’ attention or meet their demands for variety and customization” (p. 3).  According to 
Gauthier (2007) there are five learning modes that can be used in classrooms:  the receptive 
mode, the participative mode, the interactive mode, the active mode, and the active-participative 
mode.  The receptive mode is the traditional lecture.  It is sometimes necessary, but it should not 
be the only mode used.  The participative mode incorporates student comments.  The interactive 
mode encourages students to react to each other’s comments.  The active mode uses student 
presentations or encourages students to answer questions individually.  The active-participative 
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mode encourages students to comment on each other’s answers and it results in a higher level of 
interactivity.   
According to Gauthier (2007) “Each setting corresponds to a specific situation or context, 
and the most effective courses tend to combine three or more of these modes in one session” (p. 
5).  Brill (2008) points out that engaged learning has roots in well-researched learning constructs 
that include interest, effort, motivation, and time on task.  Engaged learning designs include real-
life tasks, teacher-directed interactive activities, collaborative group work, in-class deliverables, 
and a teacher who functions more as a facilitator than as a dispenser of knowledge.  In a study 
conducted by Bulger, Mayer and Almeroth (2006), it was found that intentionally engaged 
learning designs result in higher levels of student attention and on-task behavior.  Gauthier (2007) 
describes a recurring problem faced by university professors today.  Students bring their laptops 
to class and a professor has no way to tell whether they are on-task or not.  “Hidden behind their 
screens, students can simultaneously take notes, read their e-mails, chat, and check information 
on the Web.  How can professors know whether students are actually listening to them?” (p. 5).  
The solution according to Gauthier (2007) is to combine traditional modes of teaching with 
multidirectional and multitasking approaches, integrating new technologies and promoting an 
interactive classroom environment.  These changes are expected to better suit the new generation 
of millennial students and would encourage their increased engagement.        
 
 
2.4.3 Design-Based Research and Experiments 
 
 
Design-based research is an educational research method that combines empirical study 
with theory-driven design and applies it to a specific learning context (Baumgartner, 2003).  It 
takes educational theory into local learning situations and examines how, when, and why certain 
educational innovations are more effective than others (Baumgartner, 2003).  According to 
Baumgartner (2003), design-based research has five characteristics:   
i. It combines learning environments with developing theories.   
ii. It takes place through cycles of design, application, analysis, and redesign.   
iii. It develops theories that can be shared with other educational designers.   
iv. It tracks the success and failure of educational designs in authentic settings.   
v. It links teaching methods with documented outcomes.     
Design studies encourage innovation in educational practice (Cobb P. , 2003).  
Educational improvements can be made because new learning approaches are created and studied 
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within local contexts.  How design studies are conducted:  Prior research helps to determine the 
direction and design of a particular study.  Learning processes are hypothesized.  Educational 
designs are created and applied to authentic settings.  Results are scrutinized, theories are revised, 
and improved designs are reintroduced to learning situations (Cobb P. , 2003).   
There are five phases of a study:  analysis, design, development, implementation, and 
evaluation (Merrill, 1991).  In the analysis phase, information about the subject to be taught is 
brought together and separated into learning tasks.  In the design phase, learning objectives are 
created for each task.  In the development phase, learning activities are created to match the 
objectives.  In the implementation phase, the course design is brought into an authentic setting 
and tested.  In the evaluation phase, the results are analyzed to determine if the course design was 
successful or not.  The process of design research is iterative.  According to Cobb (2003) “As 
conjectures are generated and perhaps refuted, new conjectures are developed and subjected to 
test.  The result is an iterative design process featuring cycles of invention and revision” (p. 10).  
Design-based educational experiments can take place in a variety of settings.  Individual studies 
can occur one-on-one or with a small group of students; they can consist of whole classroom 
studies; they can function as pre-service or in-service teacher development programs; or they can 
occur as changes at a school or school district level (Cobb P. , 2003).   
According to Brown, A. (1992), well-designed experiments need to avoid the pitfalls of 
the Hawthorne effect and the Reality Principle.  The Hawthorne effect is the tendency for studied 
situations to show improvement regardless of the types of interventions used.  Results need to be 
carefully documented and linked to specific interventions with empirical proof.  The Reality 
Principle is the tendency for changes to result in improvements, but improvements that have a 
“shelf life” and are only temporary.  Results need to be tracked over time to ensure that effects 
are lasting (Brown A. , 1992).  Baumgartner (2003) states, “Indeed, successful examples of 
design-based research often are conducted within a single setting over a long time” (p. 7).  
Experiments need to be rigorous and empirically grounded, using multiple sources of data to 
increase reliability (Cobb P. , 2003).  Cobb (2003) explains, “The viability of the conclusions 
drawn from data depends on the soundness of the process that generated the data” (p. 12).  
Educational research needs to be conducted carefully if it is to be of value to educators and 
educational theorists.  When design experiments are subjected to appropriate standards of rigor, 
they provide useful opportunities for testing educational theories in real-life teaching situations.   
The process of design research is cyclical.  Educational theory informs educational 
practice, which in turn informs theory.  As a result of combining research with actual classroom 
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practice, new educational paradigms are created and tested, leading to educational reforms that 
are firmly grounded in scientific study. 
Merrill (1991) distinguishes between two generations of design research, Instructional 
Design 1 (ID1) and Instructional Design 2 (ID2).  ID1 is based on Gagné’s (1965, 1985) research.  
According to Merrill (1991): 
Gagné's principal assumption is that there are different kinds of learned 
outcomes, and that different internal and external conditions are necessary to 
promote each type. Gagné's original work (Gagné, 1965) was based on the 
experimental learning psychology of the time, including paired associate 
learning, serial learning, operant conditioning, concept learning, and gestalt 
problem solving (p. 2). 
 
ID1 did result in instruction that was more effective than trial-and error methods, but did 
not provide the hoped-for gains in instructional effectiveness.  Students were not able to 
adequately grasp and apply course content (Merrill, 1991).  According to Merrill (1991), Gagné’s 
design research model resulted in instruction that was passive rather than interactive and it taught 
only component parts and not integrated knowledge and skills.  ID1 predated the development of 
highly interactive, technology-based delivery systems, so it is not ideally suited for instructional 
design in today’s interactive and technology-enhanced classrooms.   
Merrill responded to the flaws in ID1 by creating a new model of instructional design, 
ID2.  He was particularly interested in creating an interactive rather than a passive learning 
experience for students, where instruction became transaction or interaction oriented rather than 
merely display oriented (Merrill, 1991). Merrill’s research was funded by the U.S. Army, Air 
Force Academy and National Security Agency among other government agencies and his model 
is oriented towards young adults and college students although he does not limit its application to 
a particular age group or subject matter.  Merrill (1991) states the following reasons to support his 
desire for an active classroom dynamic:  
There is evidence that learning is directly related to the level of mental effort put 
forth by the student.  This mental effort must bear a direct relationship to the 
concepts and principles being taught.  When the instruction is passive, learners 
are not forced to examine their cognitive structure and the resulting learning is 
poorly retained, does not relate well to previously learned materials, and is not 
easily transferred to new situations.  Furthermore, much new scientific 
knowledge is dynamic in character and cannot be understood without a more 
active representation and student involvement (p. 7).   
 
Merrill’s (1991) improvement to Gagné’s instructional design model consists of changes 
in presentation style from a passive to an interactive approach, ability to teach integrated sets of 
knowledge and skills, integration of the five phases of instructional development so that a change 
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to one phase produces corresponding changes in the other phases, and the incorporation of new 
knowledge into the design process.   
 
 
2.4.4 Technology-Based Active Learning in the Classroom 
 
 
Several technological initiatives have implemented different approaches for encouraging 
active learning in classrooms.   These include computer-mediated feedback, instructor use of 
diagrammatic ink, bi-directional sharing of data and student-annotated lecture notes.  Computer-
mediated feedback is a Classroom Feedback System (CFS) that encourages student feedback in 
large university lecture halls.  Students can click on presentation slides and chose from options 
such as “MORE EXPLANATION,” “EXAMPLE,” and “GOT IT” to request elaboration from the 
professor (Anderson & Anderson, 2003).  Digital ink allows a teacher to write directly on slides 
in order to transform static PowerPoint presentations into more dynamic lectures (Anderson & 
Anderson, 2004).  Bi-directional sharing of data allows teachers and students to send slides back 
and forth.  A teacher can send an assignment to students, who complete it and send it back to the 
teacher.  The instructor can then show a selection of anonymous student submissions on a public 
display to serve as helpful artifacts for class discussions (Razmov, 2007).  Student-annotated 
lecture notes encourage active student note-taking.  They are skeletal lecture slides which 
students can write on with diagrammatic ink to make a personalized set of class notes (DyKnow).  
All four computer-based interventions encourage active student learning and transform passive 
display-oriented classrooms into interactive learning spaces.          
Anderson and Anderson (2003) designed the Classroom Feedback System (CFS) to 
facilitate teacher-student interactions in large university-level lecture classes.  This initiative was 
in response to three inhibiting factors to active student participation in large classes:  feedback 
lag, student apprehension, and the single-speaker paradigm.  Feedback lag is the natural 
suppression of questions that occurs as a result of lecture pacing.  Students feel reluctant to share 
questions once a professor has moved on to a new topic.  Student apprehension is the fear of 
speaking up in a large class.  Many students are afraid to ask a professor for more clarification 
when they do not understand something.  The single-speaker paradigm is the model in which one 
person (student or instructor) speaks at a time.  It refers to the reality of purely verbal classroom 
interactions.  The Classroom Feedback System, a tablet PC slide-based system that allows 
students to communicate with a professor during the course of a lecture, addresses all three 
inhibiting factors.  Students click on a presentation slide and select from a list of options.  They 
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can communicate their desire for “MORE EXPLANATION,” “EXAMPLE,” or to indicate that 
they “GOT IT.”  The instructor’s screen includes a filmstrip view of the slides, which summarizes 
the student feedback on the current slide and several previous slides at once.  More than one 
student can give feedback at the same time and because communication occurs electronically, the 
teacher’s presentation is not interrupted.  CFS was deployed in a class of 120 students who met 
for three hour-long classes per week for a total of nine weeks.  Twelve students were given the 
laptops with CFS interface for the last three weeks of the course.  Results indicate that CFS 
successfully promoted classroom interaction (Anderson & Anderson, 2003).  The professor 
consciously addressed student requests for information and 7 of 11 students in the survey felt that 
the professor had responded to almost all of their feedback.  CFS alleviated the feedback lag, 
addressed student apprehension, and allowed multiple students to communicate their needs 
simultaneously.  Although improvements in classroom interaction were observed and an 
improvement in learning may have occurred, Anderson (2003) did not evaluate this improvement.       
Anderson and Anderson (2004) studied instructor use of digital ink in lecture 
presentations.  Using a tablet PC with Classroom Presenter software, a teacher can annotate 
presentation slides, turning a simple PowerPoint presentation into a dynamic lecture.  The ink can 
change colors, be moved and resized, and it can be changed into typeset text (Anderson & 
Anderson, 2004).  Integrating digital ink with slides gives professors the flexibility to adjust 
prepared material, draw diagrams, and visually emphasize key points.  During 2003-2004, 
Presenter was deployed in 21 computer science classrooms at three universities, taught by 15 
different professors.  Results indicate that it was successful at increasing student attention 
(Anderson & Anderson, 2004).  In a survey of 479 students, 55% said it increased their attention 
to the lecture, compared to 10% who said it decreased their attention.  Sixty-nine percent of 
students said they would encourage other professors who use PowerPoint to use Presenter, and 
only 8% said they would discourage it.  Nine out of ten instructors said they frequently drew 
attention to points on slides with diagrammatic ink and 414 out of 479 students felt that these 
attention-directing marks contributed to their learning (Anderson & Anderson, 2004).  Classroom 
Presenter enabled professors to create more dynamic presentations, respond flexibly to student 
reactions, and work through examples in real time.  According to survey responses, both 
professors and students alike were pleased with Presenter’s impact.  It is important to note that 
Anderson and Anderson’s (2004) work never directly attempted to measure an improvement in 
student learning.        
Razmov (2007) studied the bi-directional sharing of data that is possible with the 
“submissions” feature of Classroom Presenter.  A professor can send in-class deliverables to 
  Literature Review 
50 
 
students, who complete them with digital ink on a tablet PC and “submit” their solutions 
anonymously back to teacher’s tablet PC.  Students can send in their responses as soon as they are 
completed and can even re-submit their answers in multiple tries.  The professor can privately 
examine student submissions in a filmstrip view and selectively show examples of student work 
on a public display.  “This allows the instructor to bring in a diversity of ideas, show novel 
solutions, and discuss misconceptions evident in student answers” (Razmov, 2007).  As a result 
of bi-directional sharing, teachers and students can give each other instantaneous feedback in 
class.  Provided with an accurate knowledge of student understanding, teachers can make 
adjustments to the pace and/or content of a lecture to support student needs.  According to 
Razmov (2007), “Feedback is important for adaptation and learning.  Instructors who receive 
feedback can more effectively tailor their teaching to student needs.  Students who receive 
feedback have an opportunity to see more ways to improve, because there are more open 
(feedback) channels to offer them guidance” (p. 17).  Razmov (2007) applied Classroom 
Presenter with tablet PCs to a computer science course taught at the University of Washington.  
The course was taught for 7 terms over 4 years with 5 different instructors.  The self-reported 
success from both professors and students of the bi-directional feedback system (Razmov, 2007) 
suggests that it may serve an important role in classroom instruction; however, the learning 
improvements were not evaluated.    
Student-annotated notes are a feature of the DyKnow software that enables students to 
use diagrammatic ink to write on presentation slides, creating a set of personalized notes.  Hrepic 
(2006) conducted a study using DyKnow educational software in a Physics class.  According to 
Hrepic (2006) “66.6% of students felt that DyKnow helped them take a better set of notes (using 
the pen-based feature)” (p. 4).  According to another study (DyKnow, 2008), a survey of 81 
students who had used DyKnow Vision in a total of 431 courses, 79% indicated that they found 
“significant value” in DyKnow’s approach to note-taking and an additional 19% said that they 
found “moderate value” in the approach.  Berque (2004) used the DyKnow software in 4 different 
classes (Computer Science 1, Human Computer Interaction, Data Structures and Compilers) with 
a total of 117 students and found that on a 5 point Likert scale (1 – Strongly Disagree to 5 – 
Strongly Agree) the mean response for the question “Using DyKnow provides me with a better 
set of notes” was a 4.62.  Berque also pointed out that the highest response was from the class 
with the most diverse background (Computer Science 1).  Kam (2005) developed a different 
classroom software product (Livenotes) for the primary purpose of electronic note taking. Kam 
found that students could develop better notes in a “cooperative” electronic environment.  In fact, 
Kam’s two principle hypotheses were that student interactions involved with cooperative note-
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taking would facilitate learning and that classroom slides presented via an electronic system 
would augment student note-taking.   
The advent of non-PC tablet technology (e.g.: iPad and Android-based devices) has led to 
the development and use of numerous educational applications (Hendricks, 2012).  A 2009 study 
involved the use of Android-based Kindle DX devices at Reed College for students to share 
comments on online materials and use eBooks (McCrea, 2011).  The study found that the Kindle 
did not meet the expectations of students or faculty.  According to McCrea (2011), Ringle was 
able to redo the 2009 study with the same participants using iPads.  The results with the iPads 
were much better for students and teachers.  A study by Roscorla (2011) demonstrated improved 
learning when using iPads for reading as compared to traditional textbooks.  According to Murray 
and Olcese (2011) the iPad represents a completely new form factor in the personal computer 
arena and with over 250,000 applications, the iPad allows educators to not only extend what can 
be done in the classroom, but allows for things that were previously impossible.  The use of a 
stylus and numerous note-taking applications allows the iPad to be an excellent electronic note-
taking device.  This new tablet form factor has great potential for future educational research. 
 
Electronic pen-based note-taking has distinct advantages over traditional pen and paper 
note-taking and has been well received by students.  Electronic notes can be saved for later and 
accessed on a variety of devices.  Electronic notes have an additional advantage in that even the 
device they were written on can be destroyed without their loss due to online backups.  The use of 
a stylus is reminiscent of a pen and does not require a significant adjustment for students. 
 
 
2.5 Tablet PCs in the Classroom 
 
 
With over 250 colleges and Universities receiving grants through HP’s Higher Education 
HP Technology for Teaching Grant Initiative (HP, 2007), there was a surplus of research into 
employing tablet PCs in the university classroom.  Each of these grants provided for 20 tablet 
computers and required the recipient to use them in at least one class.  Through HP’s grants, over 
1000 classes were enriched with tablet PCs in 41 countries from four continents.  This HP 
Technology for Teaching Grant Initiative encompassed a total investment of nearly $60 million 
from 2004 to 2008 (HP Technology for Teaching Grant Initiative, 2012). In 2009, twenty-eight 
schools and universities across Asia Pacific were granted $3.7 million through the HP 
Innovations in Education Program (Tan, J. 2009).  In 2010, HP launched three new global 
  Literature Review 
52 
 
initiatives for the support of education:  the HP Catalyst Initiative, the HP Ed Tech Innovators 
Award, and the HP Learning Initiative for Entrepreneurs (HP Education, 2013).  While the use of 
tablet PCs is the common theme in these research studies, the class subjects and research methods 
used are varied.  This section of the literature review will highlight some of the research efforts 
with tablet PCs to provide a better understanding of the breadth of technological and pedagogical 
implementations of tablet PCs in the classroom.  Tablet PCs definition and use, instructional use 
of tablets, teaching with tablets, teaching with non-tablet computers, sharing information across 
class, advantages and disadvantages of using tablet PCs in the classroom, and tablet PC software 
are discussed in the sections that follow. 
 
 
2.5.1 Tablet PCs:  Definition and Use 
 
 
“Since their release in 2002, tablet PCs have slowly gained attention as a useful tool for 
educators” (Mock, 2004).  Tablet PCs come with a stylus that can display digital ink to facilitate 
handwritten material such as underlining, circling, mathematical or chemical symbols, pictures, 
and diagrams.  In addition to all the applications of a regular notebook computer, tablet PCs can 
be used for grading, creating lecture material, capturing handwritten classroom or meeting notes 
etc.  The digital ink can either be stored directly or be converted to typewritten text, making the 
tablet PC an extremely versatile machine.  Tablet PCs come in two models, a “slate” form and a 
“convertible” (clamshell) form.  The slate form comes with a detachable keyboard and the 
clamshell form has the ability to swivel its screen 360 degrees to become a slate.   
In the classroom, the tablet PC can be used as a presentation device that can replace a 
blackboard (Mock, 2004).   According to Cicchino (2004):  “One of the strongest benefits to 
using the tablet PC in face-face instruction is the ability to use the device as an “interactive 
whiteboard” (p. 1).  The tablet PC enables the instructor to “seamlessly marry the best features of 
chalkboard and multimedia lecturing techniques” (Frolik & Zurn, 2004).  Prepared PowerPoint 
slides can be annotated in real time or a blank slide can be used as a virtual whiteboard.  Frolik 
(2004) points out a special use of the virtual whiteboard or annotated slides:  “A definite 
advantage of the tablet is that everything written during the lecture (and previous lectures) is 
available for future reference.  One simply needs to scroll through the notes to revisit this material 
(versus rewriting something erased earlier)” (p. 3).  Another advantage is the portability of notes.  
“With a tablet PC it is possible to carry notes for a great number of classes without requiring extra 
weight or space” (Frolik & Zurn, 2004).  There is also a search function available in Windows 
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Journal which can find specific words in the handwritten contents of one note or many notes at 
once.  According to Frolik (Frolik & Zurn, 2004), “This makes it unnecessary to convert 
handwriting to text, and saves a great deal of time when studying specific topics” (p. 4).  He 
continues:  “When the lecture notes are made available to the student in Journal format, these can 
be searched for terms and used as a reference both during and after the duration of the course, 
enhancing their long-term usefulness to the student” (Frolik & Zurn, 2004).    
Formulas and symbols can be written quickly and easily using a tablet PC.  Cicchino 
(2004) notes:   
The ability to write formulas and symbols has had a significant impact on those 
teaching mathematics, science and non-Roman languages. While there are 
software packages to create characters not supported by standard keyboards such 
as Microsoft’s Math Type, the ease of handwriting and spontaneous diagrams 
make the Tablet a necessity. (p. 4).   
 
In addition, “Taking class notes can be faster and more effective when using Journal – 
repeated phrases or equations can be copied and pasted, words and drawings can be moved 
around, and different colored writing or highlighting can distinguish key points and make 
diagrams clearer” (Frolik & Zurn, 2004).  
 
 
2.5.2 Instructional Use of Tablets 
 
 
Clark (2004) did a Tablet PC Initiative Post-Survey to explain how 15 professors who had 
been given tablet PCs used them in the classroom.  The survey tabulated teacher responses to 
questions such as:  “How often did you use your tablet PC at home and at work this past 
academic year?”  “How often did you use your tablet PC in the classroom this year?” and “How 
likely are you to recommend that your colleagues use a tablet PC in the classroom?”  In addition 
to these questions, there were several open-ended questions that asked teachers to describe the 
ways in which they used their tablet PCs.  The results indicated that 47% of the teachers used 
their tablet computers one to three hours daily and 53% used them more than three hours daily.  
Sixty-seven percent of the teachers used their tablets in every class and an additional 27% used 
them in class at least once a week.  All fifteen professors indicated that they would be ‘very 
likely’ to recommend that their colleagues use a tablet PC in the classroom (Clark, 2004).  The 
results of the open-ended questions revealed that teachers used their tablet PCs for a variety of 
tasks inside and outside the classroom.  Teachers used them for lectures, taking roll, annotating 
examples of student writing, archiving lesson plans, gathering information from brainstorming 
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sessions, working sample problems, surveys, and grading.  The teachers found that the tablet PCs 
were most effective at “drawing and writing on the fly, drawing diagrams of concepts being 
discussed, analyzing text, adding notes to a presentation, and electronic grading (thus reducing 
paper wad)” (p. 2). 
Morgan and Toledo (2006) compared 16 graduate students’ responses to tablet PC 
handwritten teacher comments with typed teacher comments in the electronic grading of their 
assignments.  A Likert-scale survey was used to evaluate student preferences.  Open-ended 
questions were also asked.  On the Likert-scale questions, “participants overwhelmingly indicated 
that they had more positive responses to the handwritten feedback as opposed to the typewritten 
feedback” (p. 335).  The answers to the open-ended questions suggested a theme of personal 
connection as a response to the handwritten comments.  Typical responses were:  “I felt more 
involved and as if I was attending class after reading the handwritten feedback.”  “I think that the 
writing made the person more real to the distant learner and made me feel that I mattered.”  “I 
could identify with a caring person behind the words with the handwritten comments more than 
with the typed feedback.” and “I felt that the handwritten feedback was more personal and that it 
added a special touch to the online class” (Morgan & Toledo, 2006).  An unanticipated result 
involved the instructor’s feeling.  “While the comments were similar in content and many times 
exact replications of one another, the actual kinesthetic involvement in providing handwritten 
feedback was experientially different for the instructor” (p. 337).  She felt more connected to her 
students when she was writing handwritten comments with the tablet PC than she did in typing 
her comments (Morgan & Toledo, 2006).  In terms of the students, the results showed a definite 
preference for handwritten teacher comments in the electronic grading of their work, an 
application available electronically with tablet PCs.  Despite the results, the authors wonder if the 
preference for handwritten notes might be particular to the type of students involved, namely 
graduate students of an older generation, and that the results could be different for “native” 
students (ones who have been raised with technology) (Morgan & Toledo, 2006).  
Alvarez, Brown and Nussbaum (2011) conducted a study on how notebooks and tablet 
PCs compare in their ability to support collaborative work activities in the classroom.  They 
found that students prefer tablet PC to notebooks and that the tablets PCs are superior in their 
ability to support in-class collaborative work: 
Tablet PCs strengthen collective discourse capabilities and facilitate a richer and 
more natural body language.  The students also indicated greater self-confidence 
in expressing their ideas with the tablet’s digital ink and paper technology than 
with the notebooks’ traditional vertical screen and keyboard arrangement. (p. 
843).   
 
  Literature Review 
55 
 
Koraneth, Amelink and Scales (2011) studied the adoption of tablet PCs by the engineering 
department at Virginia Tech.  In 2002, there was a laptop requirement for all engineering students 
and in 2006, Virginia Tech’s College of Engineering (COE) started the tablet PC initiative, which 
made the purchase of a tablet PC a requirement for all incoming freshmen students (Amelink & 
Scales, 2011).  Koranth et al. (2011) discovered three main problems related to adoption of tablet 
PCs on a department scale and that the issues are “personnel related, cost related, and 
infrastructure related” (p. 2).  According to Koraneth (2011), the largest impediment to tablet PC 
adoption, however, is the reluctance of teachers:  “Faculty members felt that a huge obstruction to 
the adoption of the tablet PC is that students do not see the advantages of buying and using a 
tablet PC because other departments do not use them” (p. 7).  For teachers, if a handful of 
students did not have a tablet PC, it presented significant logistical challenges, where assignments 
and teaching styles needed to be altered in order to accommodate them (Koraneth, Amelink, & 
Scales, 2011).  According to Horton et al. (2011), universities “have identified many educational 
benefits associated with the use of Tablet PCs, including increased student engagement, more 
efficient lecture presentations, and overall improved learning experiences, yet difficulties have 
been reported regarding adoption of the technology” (p. 15).   
 
    
2.5.3 Teaching with Tablets 
 
 
All the faculty members in the Faculty of Science at the University of Ontario’s Institute of 
Technology teach their classes using tablet computers (Kletskin, 2009).  Kletskin (2009) of UOIT 
records the results of her research involving tablet PCs in the instruction of undergraduate 
mathematics courses.  She notes:   
While mathematics can easily be taught using the traditional chalk-and-talk 
approach or overhead slides, a tablet has so many pedagogical advantages.  One 
of the key advantages is that lectures can be prepared in advance, with all 
diagrams, definitions, data tables, and theorems filled in…  As a result, class time 
is no longer spent trying to draw difficult diagrams or transcribing data. (p. 2).   
 
Using a tablet PC, a teacher can add handwritten notes to pre-prepared slides, thus 
making use of class time for explanation, elaboration, and going over examples rather than having 
students scramble to copy material.                     
Based on a sample of 20 tablet PC initiatives, the leading institution in the development 
of tablet-PC based in-class instruction is the University of Washington (UW).  Seventeen of the 
20 papers referenced the work done at UW.  Anderson et al. of the University of Washington 
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have been exploring how the use of tablet PCs can improve the educational experience for 
students.  Tablet PCs can help students to contribute in class so that they feel more comfortable 
participating.  They can help peer-learning by integrating student work into teacher presentations.  
They help to increase student engagement by providing interactive classroom activities.  They 
improve teacher knowledge of student understanding by providing an anonymous format for 
student questions, brief quizzes, and survey results.  Anderson’s ultimate vision is to develop a 
classroom experience “where students have access to a heterogeneous collection of networked 
devices which are used for a range of classroom applications including note-taking, interaction 
with presentation materials, simulations, in-class communication, and accessing resources” 
(Anderson R. , 2006).  Anderson’s group of researchers extended the use of Classroom Presenter 
to allow for “student submissions,” where the teacher provides examples on slides that are given 
to students over a network, and where students then submit their answers in the form of annotated 
slides that they send back to the teacher.  The answers can be privately previewed by the 
instructor and selectively shown on a public display.  In this way, a teacher can go over different 
student responses in class while maintaining student anonymity (Anderson R. , 2006).  Anderson 
(2006) found that the public display of student answers was a particularly effective pedagogical 
device:  “Showing many different student solutions can make students feel involved in class, 
allow the instructor to illustrate different facets of the problem, and identify and address student 
misconceptions” (p. 2).  Anderson (2006) found that using student-generated examples as 
“discussion artifacts” was motivating to students.  There was a high degree of participation, very 
little disruptive behavior, few inappropriate submissions, and even though the public display was 
anonymous, some students embellished their submissions with personalized icons or pictures.  
Often, there were multiple submissions, with the same student modifying his/her answer and re-
submitting it.  This was further evidence of student engagement, revealing that students continued 
to reflect on their answers after their initial submission.  In addition, the researchers noticed that 
students showed “obvious delight” when their personal submission was the one being displayed, 
having the effect of rewarding the submitter for participating (Anderson R. , 2006).  Anderson 
hoped to support student engagement and active learning by designing a system of in-class 
student-teacher interaction through the use of tablet PCs and their results shows that this goal was 
reached. 
While Anderson’s (2006) research demonstrates that students appeared more engaged in 
the class, there is little evidence to support that student performance increased.  Tablet PCs 
represent a possible distraction in the classroom and they provide students with the ability to 
engage in non-class related activities.    




    
2.5.4 Teaching with Non-Tablet Computers      
    
 
Researchers Wilkerson, Griswold and Simon (2005) expanded the University of 
Washington’s Classroom Presenter lecturing system to support non-tablet as well as tablet 
audiences through web technologies.  They referred to this software solution as Ubiquitous 
Presenter (UP).  Classrooms can be made more active by two-way annotation of the instructor’s 
slides and UP’s move from a multicast to a client-server architecture, enabling students to browse 
forward and backward through slides at their own pace.  They can even view and submit 
annotations to slides outside of the classroom after the lecture is completed.   
Ubiquitous Presenter improved on the many limitations of the Classroom Presenter 
program.  First, because the original Presenter was based on a broadcast system, late joiners to the 
class could not access the lecture slides unless the instructor interrupted his or her presentation to 
rebroadcast the materials.  Second, not all networks support multicast.  Third, student 
submissions are only possible with tablet PCs, so the instructor needed to bring a number of tablet 
PCs to class, distribute them and then collect them after class (assuming students were not 
required to purchase the device).  Fourth, students could not submit annotations after the end of 
the class period (Wilkerson, Griswold, & Simon, 2005).  In response to these limitations in the 
original presenter, Ubiquitous Presenter was designed to be a web-based extension of Presenter in 
which materials could be accessed and annotated by any internet-enabled computing device.  UP 
enables students to view slides either synchronously or asynchronously, giving them the 
possibility to review slides or look ahead.  Students can continue to access and annotate the 
materials after class and students can rework their answers before submitting them.  Students can 
also view peer submissions.  Using UP, slides remain anonymous, but students can compare their 
results or the teacher can have students review interesting examples.  Due to the fact that UP is a 
web-based platform, students who are unable to attend the lecture can access the materials online.  
In addition, technology requirements are limited as only the instructor needs to have a tablet PC 
and students can participate using any internet-enabled device. 
 
 
2.5.5 Sharing Information across the Classroom 
 
 
Berque et al. (2000) wanted to deviate from the WYSIWIS (What you see is what I see) 
paradigm of shared workspaces, where teacher and students have the same view and where a 
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change on one computer results in a change on all, to create a new paradigm of WYSIWISOW 
(What you see is what I see, one way).  With this new paradigm, students and teachers could 
share information without having to have the identical view or the same elements present on the 
workspace.  In working out the details of the DEBBIE program (DePauw Electronic Black Board 
for Interactive Education) using the new paradigm, the researchers encountered a difficulty, 
which they called the “collision” problem.  Collisions are “characterized by interleaved drawing 
actions from the moderator (teacher) and the participants (students)” (Berque D. , 2000).  In this 
way, material placed on the shared work surface by the moderator could potentially collide with a 
student’s personal annotations on the work surface, creating a garbled mess of superimposed 
words and drawings.  Berque (2000) began to examine methods of correcting the collision 
problem.  Their efforts ran in two broad categories:  collision correction and collision avoidance.  
Collision correction strategies such as selecting and relocating some of the private annotations 
proved to be less than effective, because moving contents had the potential to destroy the 
meaning of the annotations.  A collision avoidance strategy involved providing each participant 
with a private margin or window in which to write annotations, but sometimes, the space was 
insufficient.  Berque (2000) had the idea of making this private space infinitely scrollable, so that 
it could contain any amount of information.  In working this out, the researchers decided that it 
would be useful to provide the moderator with a scrollable work surface as well.  Any material 
placed on this surface would not be visible to others.  Participants can still write annotations 
directly onto the slides, but they risk collisions whenever the professor writes new material.  
Berque’s solution is to let participants insert footnotes (implemented as hypertext links).   These 
links associate an annotation written on the private work surface with a location on the shared 
work surface.   The result of the DEBBIE program is to create a way for students and teachers to 
share information and yet be able to make private annotations on the work surface.  DEBBIE is 
run using two versions of its program, a version for the teacher and a version for the students.  
Both are written in Visual Basic. 
In initial trials of the DEBBIE program, student reactions were positive, but anecdotal 
(Berque, 2000).  DEBBIE was implemented in a Theory of Computation class of 13 students, 
where the teacher and each of the students were equipped with a Tablet PC.  In order to determine 
the level of student engagement, the teacher made an “engagement” grade that considered the 
quality of student annotations and the results of quizzes that were sent out every 10 to 15 minutes.  
Students were positive about the class and the technology (Berque D. , 2000).   
In a later implementation of DEBBIE, Berque (2001) ran the program in a Theory of 
Computation class of thirteen students.  As the teacher wrote problems on the whiteboard, they 
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were transmitted to students’ tablets.  The teacher gave students time to work on the problems as 
he circulated the room.  An engagement grade was used for this class as well.  Although students 
were generally positive about the technology, a few students developed some anxiety, fearing that 
there would be technical difficulties that could result in the loss of their work.  Although there 
were few technical difficulties, the student fears remained (Berque, Johnson, & Jovanovic, 2001).  
In addition to informal feedback, the students were given a survey.  Nine of the thirteen students 
believed that they were more attentive in class when using the DEBBIE system, three did not find 
a difference, and only one student felt that he/she was more attentive in a traditional classroom.   
Final course grades were slightly higher (1/3 of a letter grade) when compared to students in the 
same course and with the same teacher a semester earlier.  However, the researchers admit that 
the improvement was not necessarily significant due to the difference in class size and a possible 
Hawthorne effect (that the students and/or instructor were enthusiastic about the technology and it 
was the enthusiasm that resulted in improvement rather than the technology itself).  DEBBIE 
would also need to be tested on a wider range of students.  The ones participating in this study 
were all computer science majors and they may have been more accepting of the technology than 
other students would have been.  
 
2.5.6 Advantages and Disadvantages of Using Tablet PCs in the Classroom 
 
 
Frolik and Zurn (2004) recognized the advantage of the tablet PC soon after its inception 
and began using them in engineering classes.   Rather than using a software platform specifically 
designed for classroom instruction, Frolik and Zurn used Microsoft Journal (included in Windows 
XP).  According to Frolik and Zurn (2004), the disadvantage of using laptops in the classroom 
was the inability of students to type effective notes and therefore the use of a pen based system 
allowed students to take handwritten notes on figures imported into Microsoft Journal.  The idea 
behind this approach was to combine the advantages of a white board/chalk board lecture with a 
PowerPoint lecture.  On a white board, students can see the progression of steps more clearly and 
are actively involved in problem solving whereas PowerPoint enables the presentation of figures 
and charts that are difficult to recreate on the board.   PowerPoint lectures increase the required 
preparation on the part of the instructor and result in having students play an observational role in 
learning.  Frolik and Zurn (2004) concluded that active learning was more important than the 
quality of figures.  They surveyed 11 students and found that all of them preferred the white 
board to standard PowerPoint presentations in engineering classes.  Therefore they decided that in 
order to use tablet PCs effectively, they would have to focus on student interaction.  The tablet 
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PC extends the involvement of the student (active learning) while providing for quality figures to 
be incorporated into lecture notes. 
Edwards and Barnette (2004) found tablet PCs to be ineffective in introductory 
programming classes.  They found that students preferred the more powerful desktop machines 
and did not take advantage of the pen functionality.  Their research was based on a Microsoft 
grant and they concluded that the portability of the tablet was valuable but did not offer an 
advantage over the traditional laptop computer.  Edwards and Barnette (2004) specifically chose 
not to use Classroom Presenter or PowerPoint.  After they reviewed the programming code of 
Classroom Presenter, they found that the pen-based recognition code developed at the University 
of Washington inadequate.  They designed their own software and used it in a programming 
class.  They concluded that pen-based functionality was not an asset.  They admit that their 
conclusion is limited to programming classes.   
Mock (2004), used tablet PCs in an introductory programming class, and used 
handwritten material presented on the tablet PC as a “digital whiteboard”.  Mock also used screen 
captures to record audio commentary and real-time digital “gesturing”.  The class recordings and 
electronic handwritten notes were provided for students online.  Mock’s survey found that 
students appreciated the format and took advantage of the electronic notes and classroom 
recordings.  Mock (2004) also found that the tablet PC improved his ability to give feedback 
when grading student work.  As most of the work is submitted electronically, Mock (2004) used 
the inking feature of tablet PCs to provide more in-depth feedback than was previously possible.   
Koile and Singer (2006) also used tablet PCs in an introductory programming class and 
used Classroom presenter for the interface.  They measured a tablet PC enhanced classroom 
versus a traditional classroom and found that the tablet PCs improved student assessment 
performance (particularly the low end students) and student attendance.  In addition, students 
enjoyed using the tablet PCs in class (Koile & Singer, 2006).  Koile and Singer (2006) state that 
they would like to explore the peer interaction side of tablet PCs in greater depth and have altered 
Classroom Presenter to allow group formation.  They have already decided to use tablet PCs for 
numerous recitations at MIT based on the success in their initial research. 
Horton, Kim, Koraneth and Amelink (2011) studied the adoption of tablet PCs at 
Virginia Tech’s College of Engineering.  They discovered that tablet PCs increased visibility in 
the classroom and improved class participation:  “For many students, the Tablet PC has helped to 
make ‘big classes feel smaller’ due to better visibility and increased interactions during class” (p. 
5).  High student satisfaction with the technology was reported.  According to the researchers, 
“More than 85% of the students expressed high satisfaction with using Tablet PCs and high levels 
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of energy and participation were observed in students during active learning exercises” (p. 2).  
The tablet PCs were also found to improve out-of-class interactions through online collaboration 
with other students and virtual office hours (Horton, Kim, Kothaneth, & Amelink, 2011). 
Abowd (1996) used a variety of technological tools in the classroom in order to capture 
every aspect of the classroom environment.  His hypothesis was that the capture and subsequent 
access of the classroom experience would enhance both learning and teaching.  This hypothesis 
was initiated and tested in the Classroom 2000 project at Georgia Tech.  Several ubiquitous 
computing technologies were incorporated into three classrooms:  electronic whiteboards, 
personal pen-based interfaces, and the World-Wide Web.  The researcher’s intent was to support 
a variety of teaching and learning styles with new technology.  The teaching styles identified 
were: presentation, where the teacher prepares a set of slides; public notes, where the teacher 
prepares a set of notes; private notes, where the teacher prepares a personal set of lecture notes 
that are not available to students; and discussion, where all participants contribute more or less 
equally to the speaking.  The learning styles (defined here as note-taking styles) identified were:  
verbatim (students writing as much as possible), highlighting (students writing key points) and 
none (students relying on memory).  The Classroom 2000 project attempted to capture as much of 
the classroom environment as possible:  What was heard in class (audio), what was seen in class 
(video), what was written down by the teacher (public annotation), and what was written down by 
individual students (private annotation).  Cameras and microphones were used.  A program 
named “ClassPad” was created for the project and used on pen-based PCs to capture student 
notes.  Students could see the information the teacher displayed on the electronic whiteboard and 
annotate it with personal notes.  Students showed an overall positive reaction to the technology.  
They preferred the LiveBoard (electronic whiteboard) and Web notes and were less responsive to 
personal electronic notes (the ClassPad application).  Audio annotations were not used much.  
Students’ suggestions on how to improve the experience included providing the instructor with 
real-time anonymous feedback from students, allowing students to view the teacher’s notes 
during class, and allowing students to anonymously log questions during class without 
interrupting the lecture.  This project assumed that a superior capture of the classroom 
environment would increase learning rather than making the classroom a more active 
environment.    
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2.5.7 Tablet PC Software 
 
 
Classroom Presenter, Ubiquitous Presenter, DEBBIE, DyKnow Vision, ActiveClass, 
Livenotes, Stupad, Microsoft OneNote, Microsoft Journal, and BIRD Notetaking System are ten 
different existing software applications that can be used in classroom situations.  Classroom 
Presenter is an application where tablet PCs communicate wirelessly with a server connected to a 
data projector.  It is appropriate for large lectures or distance courses and the instructor can write 
on top of slides to supplement information.  The application allows for “student submissions”, 
where students handwrite answers on their slides and “submit” them anonymously.  The 
instructor can preview submissions in a filmstrip view and selectively show them.  Classroom 
Presenter uses multicast, which does not work over all wireless networks.  It also makes it 
difficult for people to join class late (Wilkerson, Griswold, & Simon, 2005).  In addition, the 
application converts PowerPoint into very large image files, which can crash systems with small 
amounts of installed memory.  In effect, Classroom Presenter requires a redesign of presentation 
materials. 
 Ubiquitous Presenter is an expansion of Classroom Presenter that can be used by non-
tablet audiences.  Students who have non-tablet computers can type on slides rather than using 
digital ink.  Students can choose to synchronously or asynchronously view slides and ink that are 
broadcast by the instructor.  The ability to use Ubiquitous Presenter via web browser is a 
particularly useful feature. Ubiquitous Presenter solved the multicast issue with Classroom 
Presenter, but the large image file issue remains.  The slides load very slowly in large classes and 
some students receive the image significantly later than others.  
 DEBBIE (DePauw Electronic Black Board for Interactive Education) is an application 
where the instructor lectures from an electronic whiteboard or video tablet.  The students have 
individual tablets and they can annotate slides on their displays.  The moderator has a scrollable 
private work surface.  In this application, information is sent in one direction only, so there are no 
student “submissions”.  
 DyKnow Vision (formerly DEBBIE) is an expansion of the DEBBIE application that 
does allow for student “submissions”.  Students can annotate on top of or alongside teacher notes.  
The instructor can retrieve student submissions anonymously or with identifying information.  
There is a “replay” feature that allows the teacher to play back student work stroke by stroke, to 
see how they solved a problem.  Another feature allows the teacher to press an icon to capture 
each student’s work up to that point.  In this way, a teacher can see the work of students who are 
not yet ready to submit and who may need further explanation.  A “polling” feature can capture 
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students’ answers to multiple choice, yes/no, or true/false questions.  The instructor can generate 
a bar graph or pie chart reflecting student answers.  DyKnow works smoothly, but does not 
provide for other forms of computer-based active learning such as links to simulations and web-
quests. 
 ActiveClass is an application that uses PDAs (Personal Digital Assistant).  Students can 
submit text-based questions to the instructor and students can respond to teacher-created polls.  
The ubiquitous nature of ActiveClass is attractive to millennial students, but the small screen 
sizes of PDAs make it difficult to annotate slides and observe fine detail on in-class illustrations. 
 Livenotes is a shared whiteboard system that uses wirelessly-networked tablet PCs.  The 
application supports student group communication in the classroom and provides an opportunity 
for real-time “conversations”.  Slides can be annotated by anyone in the room and the result is a 
shared set of notes.  The shared set of notes, however, means that students cannot maintain a 
personal set of notes and there are overlap problems with numerous student annotations. 
 Stupad (formerly Classroom 2000) allows students to take individual notes on top of 
background slides using tablet PCs.  There are no student “submissions,” just a personalized set 
of class notes.  It is not used for promoting computer-based active learning in the classroom.  The 
goal of this project was to record the in-class environment, not to alter it. 
 Microsoft OneNote is an application that can be used as a “notepad.”  It can keep 
handwritten notes and convert them to typed text.  Notes can be edited, moved around, 
reorganized, and extra lines can be added.  The application can handle images/drawings/graphs.  
It can insert screen captures from the web and it can record audio and video.  Microsoft OneNote 
is an application designed for note taking.  It is not a collaborative tool and is not designed for 
computer-based classroom learning. 
 Microsoft Journal is a predecessor to OneNote and like OneNote in its ability to convert 
handwriting to typed text.  It can handle images and drawings.  Files produced using Microsoft 
Journal can be copied and pasted into other applications.  It is a note-taking tool and not designed 
as an instructional aid.   
 BIRD Notetaking System (Beacon-Identified Real-time Display) is a computer note-
taking system designed for use during student presentations.  It helps instructors with grading and 
providing constructive comments for student presentations.  This application is very specific to 
student presentations and is not designed for instructor-led presentations. 
 Evernote was released in June 2008 as an electronic note-taking system.  Evernote runs 
on a variety of platform including Windows, Mac, iOS, Android, and others.  Evernote has been 
used in both tablet PC and iPad studies for student in-class notes (Vedantham & Shanley, 2012).  
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Student notes can be used collaboratively with a shared account.  Third party applications allow 
for handwritten notes with Evernote. 
 Jarnal is a note-taking application which allows handwritten or typed notes.  As it is 
developed in Java, it runs on a variety of platforms.  Jarnal allows for documents to be loaded and 
annotated and allows for collaboration with others.  A five year study at the University of 
Campinas used Jarnal in classrooms (da Silva & da Rocha, 2012).   
 Precious MeTL was developed by Monash University as an interactive tablet PC 
application designed to facilitate student collaborative learning.  Several learning modes exist 
allowing for classroom use as well as small group or individual work (Devey, Hicks, 
Gunaratnam, Pan, & Plecan, 2012).  Precious MeTL has been used successfully for five years, 
however, it is primarily a whiteboard system and does not offer some of the other features found 
in tablet PC software. 
 The features of tablet PC educational software are summarized in table 2 below.  While 
several of these applications have had success in the classroom, an application specifically 
designed to promote in-class computer-based active learning (as opposed to note-taking) has yet 
to be developed, forming the foundation for this proposal. 
             
Table 1: Tablet PC Software 
Software Application Software Features 
Classroom Presenter  Good for large lectures or distance 
courses 
 Tablet PC communicates wirelessly 
with a server connected to a data 
projector 
 Instructor can write on top of slides 
 Instructor-student communication 
 Student submissions (students can 
handwrite answers on their slides and 
‘submit’ them anonymously) 
 Instructor can preview submissions and 
selectively show them  
 Self-confidence survey questions 









 An expansion of Classroom Presenter 
that can be used by non-Tablet 
audiences 
 Includes all of the features of 
Classroom Presenter 
 Students using non-Tablet devices can 
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Software Application Software Features 
Ubiquitous Presenter (continued) type on slides rather than using digital 
ink 
 Students can choose to synchronously 
or asynchronously view slides and ink 
that are broadcast by the instructor  
 
DEBBIE (DePauw Electronic Black Board 
for Interactive Education) 
 Teacher lectures from an electronic 
whiteboard or video tablet 
 Students have individual video tablets 
 Information is sent in one direction 
only 
 There is a scrollable private work 
surface for the moderator 
 Students can annotate slides on their 
displays 
 
DyKnow Vision (formerly DEBBIE)   Students can annotate on top of or 
alongside teacher notes 
 Student submissions (teacher can 
retrieve student submissions 
anonymously or with identifying 
information) 
 Replay feature (to play back student 
work stroke by stroke) 
 Teacher can press an icon to capture 
each student’s work up to that point 
 Polling (multiple-choice, yes/no, or 
true/false questions).  Teacher can 
generate a bar graph or pie chart 
reflecting student answers.   
 
ActiveClass  Uses PDAs  
 Students can submit text-based 
questions to the instructor 
 Students can respond to teacher-created 
polls 
 
Livenotes  A shared whiteboard system 
 Supports student group communication 
in the classroom 
 Real-time ‘conversations’ 
 Slides can be annotated  
 Uses wirelessly-networked Tablet PCs  
 
Stupad (formerly Classroom 2000)  Students can take individual notes on 
top of background slides using Tablet 
PCs 
 
Table 1. Continued 
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Software Application Software Features 
Microsoft’s OneNote  Instructor can write on top of slides 
 Can be used as a ‘notepad’ 
 Handwritten notes 
 Notes can be moved around, 
reorganized, extra lines can be added 
etc. 
 Can convert handwriting to typed text 
 Images/drawings/graphs 
 Can insert screen captures from web, 
other programs 
 Can record audio and video 
 
Microsoft Journal  Handwritten notes 
 Can convert handwriting to typed text 
 Images/drawings 
 Can by copy and pasted into other 
applications 
 
BIRD Notetaking System (Beacon-
Identified Real-time Display)  
 Computer note-taking system for 
student presentations 
 Helps with grading and providing 
constructive comments for students 
presentations 
 
Evernote  Multi-platform electronic note-taking 
system. 
 Used on iPads and Android devices in 
classroom studies. 
 Can be used collaboratively with a 
shared account. 
 
Jarnal  Open source and Java-based software.  
 Handwritten or typed notes. 
 Sketches. 
 Can annotate documents of various 
types. 
 
Precious MeTL  Shared whiteboard. 
 Allows for private communications 
between students. 
 Responses can be anonymous. 
 
(Based on Anderson, 2004; 2006; Simon, 2004; Mock, 2004; Gill, 2007; Koile, 2006; Kam, 
2005; Golub, 2004; and Berque, 2000; 2005; 2006; Riley & Russo, 2010; Vendantham & 
Shanley, 2012; da Silva & da Rocha, 2012; Devey, Hicks, Gunaratnam, Pan, & Plecan, 2012)  
 
Table 1. Continued 
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 While some concepts from existing tablet software are used for this research, designing 
the software as a new project and incorporating desirable components from existing software 
applications while designing a new interface is the most effective way of ensuring that the 
instructional goals are met. 
 
 
2.6 Instructional Software 
 
 
 The design and evaluation of educational software consists of both pedagogical and 
computer science-based components.  Pedagogically, the software must address the needs of the 
learner and the instructor.  Educational research informs the proper design of an interface.  Given 
the multi-user environment, there are technical issues that must be addressed as well.  Technical 
choices can reduce the potential audience of an educational application and/or increase 
development time.  A narrow platform may be easier to develop, but requires hardware and 
software that may limit its use.  A broad platform may require significantly more development 
time, but will appeal to a larger audience.  Component reuse can reduce development time and 
provide greater application stability.  Proper software engineering methods must be used and a 
rationale provided for selecting the programming language.  Instructional software design 
methodology, structural elements of software, usability heuristics, and programming language 
selection are discussed in this section.  
 
 
2.6.1 Instructional Software Design Methodology 
 
 
Newly created educational software should take into account a variety of design factors.  
These factors include:  instructional issues, educational model used, basic design, structural 
elements, and educational software design guidelines.  Instructional issues relate to the teaching 
framework and include the software’s “classroom atmosphere,” pedagogy, learning dimension, 
and teaching approach (Hinostroza & Mellar, 2001).  The educational model refers to the 
software’s design approach as it applies to educational theory (Richards S. , 1996).  The basic 
design includes the four components of a learning environment, which are:  Context, Tasks, 
Tools, and Interface (Soloway, 1996).  The structural elements are the physical features of the 
software such as the screen layout, menus, color, graphics, animation, objectives, questions and 
feedback (Pellone, 1995).  The educational software design guidelines consist of helpful 
suggestions for creating well-functioning educational software (Squires & Preece, 1999). 
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According to Hinostroza (2001), “Most educational software is designed to foster 
students’ learning outcomes, but with little consideration of the teaching framework in which it 
will be used” (p. 1).  For educational software to be successful, it must include intentional plans 
for a classroom atmosphere, pedagogy, and learning dimension (Hinostroza & Mellar, 2001).  
The classroom atmosphere of the software is the way in which the content is presented to the 
students.  Soloway (1996) refers to the classroom atmosphere as a combination of the context, 
tasks, tools, and interface.  Hinostroza (2001) presents an elementary school case study that uses a 
children’s story with subject areas embedded in the story line.  This case study uses a “browsing” 
approach, which allows students to search through contents (Hinostroza & Mellar, 2001).  
Hinostroza’s (2001) example uses a playful interaction with the computer that resembles a 
guessing game.  While the age group that participated in the case study was quite young, 
Hinostroza argues that the findings are consistent with what would be expected with older 
audiences.  
Richards (1996) suggests a “Spreading Ripples” (SR) model proposed by Race in 1994.  
This model has four elements:  “wanting”, “doing”, “feedback”, and “digesting”.  “Wanting” 
refers to motivation and represents a student’s yearning to learn something new (Richards S. , 
1996).  According to Richards (1996), “Wanting must be consciously programmed into 
courseware” (p. 18).  This is important because motivation is often lacking in students (Richards 
S. , 1996).  There are two manners to embed “wanting” into software.  The first method is to 
increase value by showing students the purpose for everything they are learning (Richards S. , 
1996).  A visual schema that shows how various topics in the course are related can also be 
helpful.  The second method to embed “wanting” is to increase enjoyment (Richards S. , 1996).   
Course enjoyment is increased when multimedia and game formats are used in instruction, but 
care should be taken to avoid their over-use.  “Doing” refers to how students learn (Richards S. , 
1996).  In creating the “doing” part of a software design, it is important to avoid passive 
interaction such as incessant scrolling to find relevant materials.  It is equally important to support 
practice and trial-and error types of learning (Richards S. , 1996).  In creating active learning 
experiences, there are several kinds of activities that can be used.  They include:  “practice,” 
“trial-and error” and “learning from mistakes” (Richards S. , 1996).  Feedback refers to the 
information students receive in response to the quality and accuracy of their work.  Feedback 
conveys information on how to improve performance, but it also conveys an emotional element.  
Richards (1996) suggests that the emotional element inherent in feedback cannot be understated.  
According to Race (1994), an important issue in all human behavior (including learning) relates 
to feelings:   “When individuals have positive feelings, they are likely to be capable of more 
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effective learning – an issue often overlooked by learning theorists” (Race, 1994).  Richards 
(1996) states:  
Few claim the feelings come from within; most obtain their positive feelings 
from the comments made about their behavior by others.  In other words, people 
need feedback about their behavior in order to feel good about it. (p. 18).  
  
In designing feedback, it is important to provide students with a sense of progression.  In 
addition, feedback should be personal and used within a social context such as a classroom 
environment or online learning community (Richards S. , 1996).  Digesting refers to processes of 
reflection and reflective observation (Race, 1994).  According to Richards (1996): 
For effective learning to take place, the learner must not only take in new 
information, but must also sort out what the important points were and extract or 
formulate any underlying principles that may exist.  It is only by actively 
processing information in the context of previous knowledge that the new 
information can be effectively assimilated. (p. 18). 
 
In designing “digesting” elements of the software, it is important to embed computer-
based student evaluations that encourage students to analyze the concepts and information they 
learned and link the material together in new ways.  In addition, it is important to have some 
reflection occur outside of the computer environment, encouraging students to apply their 
learning in ways that are memorable (Richards S. , 1996).  “Digestion” is different from simply 
reproducing information and requires analysis and synthesis, which are higher levels of critical 
thinking in Bloom’s Taxonomy (Bloom & Krathwohl, 1956).  According to Richards (1996), 
“wanting”, “doing”, “feedback”, and “digesting” are the critical elements of educational software 
design, which need to be optimized for instruction to be effective. 
 
   
2.6.2 Structural Elements of Software 
   
            
The structural elements of the software are its physical features such as the screen layout, 
menus, color, graphics, animation, objectives, questions and feedback (Pellone, 1995).  
According to Pellone (1995), a screen layout should be clear, uncluttered, and consistent, making 
good use of blank space.  “Display screens should be consistent in format so that learners can get 
to know where to look for explanations, directions, and examples” (Pellone, 1995).  Venezky and 
Osin (1991) suggest that information in a screen layout could be organized into five areas:  main 
workspace, student answer, student command, system response, and status.  According to Pellone 
(1995), menus should be easily operated and should make it easy for students to fix an incorrect 
choice.  No more than four colors should ideally be used in a display and it is best to avoid 
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pairing colors on the extremes of the visual spectrum such as red and blue.  Graphics displays can 
highlight text and serve to supplement understanding.  Animation can capture students’ attention 
and can help to provide dynamic explanations of difficult concepts.  According to Richards and 
Fukuzawa (1989), “Well-designed lessons with animation have improved student scores more 
than presentations with graphics and text or text alone” (p. 24).  Objectives are concise, 
measurable statements of what students will be able to do as a result of instruction.  “There is 
consensus among instructional design professionals that the presence of appropriate, measurable 
objectives improves the probability of a lesson’s success” (Hannafin & Peck, 1988).  Questions 
help to keep students engaged in a lesson and can access student recall and comprehension of 
subject material (Pellone, 1995).  Questions can be presented to students before, during, or after 
learning.  Feedback is given to the student following a correct or incorrect response and should be 
positive and corrective.  
 
 
2.6.3 Usability Heuristics 
 
        
Nielsen (1994) provides a set of usability heuristics, which can be used as guidelines for 
creating well-functioning educational software (p. 30):   
1. Always keep users informed about what is going on through timely feedback.   
2. Speak the user’s language, with familiar words, phrases and concepts.   
3. Have clearly marked “emergency exits” so that users can leave an unwanted state 
without having to go through extended dialogue and there should be good 
supports in place for “undo” and “redo” features.   
4. Follow platform conventions, which are consistent so that users don’t have to 
wonder whether different words, situations, or actions mean the same thing.   
5. Provide good error messages and a careful design, which prevents problems from 
occurring in the first place.   
6. Make use of recognition rather than recall, making objects, options, and actions 
clearly visible and information easily retrievable.   
7. Accommodate both inexperienced and experienced users through the use of 
multiple tools for the same tasks.   
8. Use an aesthetic and minimalist design and avoid unnecessary dialogue.   
9. Have clear error messages, which express problems in plain language and 
constructively suggest solutions.   
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10. Provide help and documentation even though a well-designed educational 
software product should not require them.    
Squires (1999) introduces the concept of Cognitive Authenticity to describe the 
importance of authentic learning tasks in educational software design.  The opportunity for 
students to explore how things work is a key factor in educational design.  Educational software 
platforms should be replete with simulations and offer other methods for students to engage in 
intrinsic exploration of systems (Squires D. , 1999).  Squires (1999) also believes that an 
educational software platform must allow students to express personal beliefs in a safe manner.  
Papert (1993) refers to the computer-based classroom as an “incubator of knowledge” that offers 
the student assurances of safety from personal attacks.  Harel (1991) views the classroom 
educational platform as the locus of a constructivist pedagogical design embedded with multiple 
opportunities for students to build knowledge by exploring problems from different perspectives 
and providing varied solutions.  According to Scardamalia (1989), a sense of ownership is a key 
property of an educational software platform and students should be encouraged to have a 
responsibility for their learning.  Grabinger (1995) adds that environments presented in 
educational software should be rich and complex and not sterile.  Contrived sterile environments 
cannot adequately engage the student and result in learning.  As a result of the required 
complexity of the environment and the ownership and responsibility the student will have for 
their learning, Squires (1999) argues that students may need help and he suggests strategies such 
as scaffolding and anchoring to ensure student success.  A good instructional software application 
must provide for Cognitive Authenticity and the instructional help for students to succeed with 
the challenges the learning environment will pose. 
 
 
2.6.4 Programming Language Selection 
 
 
With a wide variety of high-level, widely used, programming languages available, the 
selection of a programming language can appear arbitrary or based on a designer’s personal 
preference alone.  However, a strategic selection of the development environment can reduce 
development time and improve application reliability.  Educational software development, 
particularly when specialty hardware such as tablet PCs are used, requires additional selection 
criteria.  Classroom Presenter was developed using Visual Studio because of the API (Application 
Programming Interface) and the ease with which tablet-PC functionality could be programmed 
(Wolfman, 2004).  The team at University of Washington found that Visual Studio provided the 
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necessary framework to produce a high-quality educational product.  When Wilkerson, Griswold 
and Simon (2005) developed Ubiquitous Presenter, they decided to use the same pedagogical 
design and user interface but they wanted it to be web based so they decided to develop the 
application using PHP (originally Personal Home Page but known as an open-source scripting 
language).  The Ubiquitous Presenter team (at the University of San Diego) found that PHP with 
some JavaScript provided the best design options.  According to the designers of Ubiquitous 
Presenter: 
UP is a client-server application programmed in PHP, a server-side language that 
generates simple HTML and limited JavaScript that is passed to student 
browsers. This reduces cross-browser compatibility issues and client-side 
processing requirements. Devices capable of running current versions of Internet 
Explorer, Netscape Navigator, and Mozilla can run UP. (Wilkerson, Griswold, & 
Simon, 2005, p. 2) 
 
Despite the similarities with Classroom Presenter, Ubiquitous Presenter was designed for 
multi-platform compatibility.  Classroom Presenter was designed around the Tablet-PC with 
Windows XP as the operating system (Anderson R. , 2003).  The design choices suggest that 
Visual Studio is a better choice for a single platform application while an open source solution is 
better for cross-platform functionality.  Kowalski (2007) designed Inksurvey using PHP and 
MySQL for the same reasons that Wilkerson (2005) designed Ubiquitous Presenter using these 
open source development languages.  While Kowalski (2007) targeted the development of 
Inksurvey towards Mozilla’s Firefox web browser, he also indicated that it would work on 
Internet Explorer.  Both Ubiquitous Presenter and Inksurvey were designed for cross-platform 
compatibility even though Inksurvey has been primarily tested in an environment with the same 
Tablet-PCs as those used with Classroom Presenter (Kowalski, Kowalski, & Compagnola, 2005).   
The web-based applications work well but are limited to the web browsers and require updates 
when significant changes are made.  Web browser updates are more common than significant 
operating system changes, which make maintenance of these applications more time consuming. 
 Carrington and Kim (2003) state that educational software should be designed using open 
source languages due to the increased use of these languages in professional software 
development, the large amounts of source code available, and the low cost.  An educational 
software product is a constantly changing and developing product, often with numerous 
developers.  Carrington and Kim (2003) recommend the use of an Integrated Development 
Environment (IDE) such as Netbeans or Eclipse.  According to Greer (2005), Eclipse has become 
the dominant Java IDE due to a “huge number of third-party plug-ins” (Greer, 2005, p. 18).  
Greer, however, states that Netbeans is a serious competitor and has greater multi-platform 
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compatibility.  According to Greer, Eclipse must be ported to other platforms while Netbeans 
runs natively (Greer, 2005).  Therefore the choice between Netbeans and Eclipse is a choice 
between a more portable development environment in Netbeans and an environment with a great 
number of tools in Eclipse.  
The move to use open-source languages can be traced back to the pioneering research of 
Mcilroy (1968) to develop software using reusable components.  Most open source languages 
consist of a rich library of components developed by numerous authors.  While a small team or 
individual develops a principal language such as Java, the strength of the development 
environment comes from the library (developed by many authors) that accompanies the language.  
Frakes and Kang (2005) researched various reuse studies and found that reusable components 
provided for shorter development times, lower costs and greater reliability.  While Frakes and 
Kang focused on Domain Engineering (Product Line Engineering) for developers with numerous 
software projects, the components developed by others can be used to develop a more stable 
product in a shorter period of time.  According to Spalter (2003), reuse is vital in the education 
world due to prohibitive costs.   While current implementations of component reuse are not 
perfect and the ability to easily reuse components may never become a reality (Spalter, 2003), the 
use of a component-friendly development environment is invaluable to application development.  
According to Pree (1997), component-based software development represents a new paradigm in 
software engineering.  Pree argues that component-based design solves some of the deficiencies 
of Object Oriented (OO) development while taking advantage of the benefits of OO.  The 
development of a software application as an educational intervention is therefore best done 
through the use of existing components and a programming language that facilitates component 
interoperability such as Netbeans or Eclipse. 
 
 
2.7 Qualitative Assessment Methods 
 
 
 Olds, Moskal and Miller (2005) define assessment as “the act of collecting data or 
evidence that can be used to answer classroom, curricular, or research questions” (p. 13).  There 
are two varieties of assessments:  qualitative and quantitative.  Qualitative assessments differ 
from quantitative ones in that they are used for different purposes and provide different kinds of 
information (Leydens, Moskal, & Pavelich, 2004).  Borrego, Douglas and Amelink (2009) state 
that it is the nature of the research questions that determine the ideal set of qualitative and 
quantitative assessments.  Borrego, Douglas and Amelink also state that many researchers in 
  Literature Review 
74 
 
Engineering and Mathematics Education focus on quantitative methods and either ignore or limit 
the application of qualitative techniques.    Koro-Ljungberg and Douglas (2008) provided a meta-
analysis of published qualitative research in Engineering Education from 2005 to 2006 and found 
that the list was small, especially in proportion to the amount of quantitative research completed 
over the same time interval.  Burton (2002) states that many methodology sections in Ph.D.’s are 
nothing more than a collection of data collection and analysis techniques with little explanation as 
to why these assessments properly address the research questions.  Case and Light (2011) argue 
that the entire concept of methodology should be reexamined so that appropriate assessment 
methods are used. Most importantly, according to Case and Light (2011), assessments must be 
designed to accurately collect appropriate data pertaining to the research questions that are being 
investigated. 
According to Leydens, Moskal and Pavelich (2004), quantitative results provide 
numerical descriptions and can be used to generalize about populations.  In contrast, qualitative 
results are more detailed, providing insight into human perspectives, motivations and interests.  It 
is possible to combine qualitative and quantitative approaches into a “mixed method” approach.  
“Qualitative and quantitative methods can be mixed in a single study or a sequence of studies in 
multiple, often complimentary ways” (Leydens, Moskal, & Pavelich, 2004, p. 70).  According to 
Koro-Ljungberg and Douglas (2008), six research papers were published in the Journal of 
Engineering Education from 2005 to 2006 that employed a mixed-methods approach.  While the 
methods used in these papers varied, the primary purpose of the mix of qualitative and 
quantitative techniques was to triangulate assessment.  Trenor et al (2008) defined assessment 
triangulation as using the qualitative assessment instruments to define the “how” and “why” and 
provide insights into the quantitative data obtained from the research.  A more general definition 
of triangulation is “forming conclusions only when multiple data sources agree (Patton, 2002).”  
While only half of the papers in the study by Koro-Ljungberg and Douglas (2008) included the 
research questions, all of them stated that the research was intended to explore human 
motivations and perspectives.   Leydens, Moskal and Pavelich (2004) discuss three ways that 
qualitative and quantitative methods can be used together:  qualitative studies can precede a 
quantitative study, quantitative studies can precede a qualitative study, or “a few in-depth studies 
or interviews can be embedded in a large-scale quantitative study to provide context and/or 
checks on validity of the quantitative results” (p. 70).  In the third option, the qualitative 
assessments serve as a point of triangulation for the quantitative study, increasing its validity.  
Case and Light (2011) agree that mixed method approaches can provide richer detail, greater 
validity and better answer the research questions being investigated.   
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According to Olds, Moskal and Miller (2005), qualitative research can use different types 
of descriptive designs, these include:  surveys, interviews and focus groups, conversational 
analysis, observations, ethnographic studies, and meta-analysis.  Koro-Ljungberg and Douglas 
(2008) define qualitative data collection methods as observations, individual interviews, focus 
group interviews, document/archival research, survey/questionnaire and visual materials/video.  
These methods are common investigative techniques in other learning domains but are fairly rare 
in Mathematics and Engineering (Burton, 2002).  According to Borrego, Douglas and Amelink 
(2009) quantitative assessment criteria include validity, reliability, generalizability and objectivity 
while qualitative assessment criteria include credibility, dependability, transferability and 
reflexivity.   A mixed methods approach seeks to assess criteria from both domains and is 
preferred in education research, particularly when the subject matter is more objective.  
Olds, Moskal and Miller (2005) describe the qualitative design methods mentioned 
above.  Surveys are “self-report” instruments that can be open-ended or selective response.  
Interviews and focus groups can be used to gather data that cannot easily be observed.  They can 
be structured, unstructured, or semi-structured.  The structured interview sticks unswervingly to a 
predetermined set of interview questions.  The unstructured interview begins with a standard 
question and then uses probing questions.  In a semi-structured interview, “a standard set of 
questions is followed, but the interviewer has some freedom to pursue details when interesting 
information arises” (p. 15).  Focus groups are interviews with a group rather than with a single 
person (Olds, Moskal and Miller, 2005).  According to Koro-Ljungberg and Douglas (2008), 
focus groups seek to discover socially constructed knowledge and gain a group perspective as 
opposed to the individual perspective gained from individual interviews.  A research study can 
employ both types of interviews as well as other qualitative assessment instruments as needed to 
fully explore the research questions.   
“Focus groups are group discussions in which about eight people are gathered together to 
discuss a topic of interest… Focus groups are aimed at encouraging participants to talk with each 
other, rather than answer questions directly to the moderator.  The group interaction of focus 
groups is important because it gives us some understanding of how people are thinking about the 
topic” (Dawson & Manderson, 1993).  According to Cote-Arsenault (1999), “Focus groups 
generate qualitative data that can be both descriptive and explanatory and they can be used 
independently or combined with other qualitative and quantitative strategies.”  Focus groups can 
be used for a range of purposes, including pretesting instruments, needs assessment, developing 
survey items or gaining insights into a particular population (Côté-Arsenault & Morrison-Beedy, 
1999).  
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In education, the student voice is becoming increasingly important.  In medical education 
for example, Barbour (2005) identified “a growing emphasis on the need to elicit the student 
voice, rather than merely reflecting the concerns and assessment criteria of those responsible for 
designing, delivering and evaluating the curriculum.”  According to Barbour (2005), focus groups 
are more laborious and time-intensive than questionnaires, but the results are better able to 
explore the attitudes and opinions of participants.  
According to Dawson (1993), focus groups can be used alone or in conjunction with 
other research methods.  Focused groups are ‘focused’ because the participants share common 
characteristics.  In this case, the students were all drawn from an introductory statistics course at 
Colorado Christian University.  The question line is a set of questions intended for use during the 
focus group.  According to Dawson (1993), “It [the question line] needs to be very carefully 
thought out, and you need to be ready and willing to change it several times if necessary… In 
focus groups, responses should be flexible and should encourage people to reply at length… Your 
primary aim is to try to understand a new area, or investigate people’s attitudes, opinions and 
beliefs, and you will not be able to know what the range of answers will be.”  According to 
Powell (1996), “The supportive, congenial, non-judgmental setting offered by the focus group 
enhances the likelihood of collecting the diverse and spontaneous opinions that elude the in-depth 
interview and the nominal group technique.”  Cote-Arsenault (1999) agrees, “Group interaction 
enhances the depth of the conversation due to stimulation of thoughts from what other group 
members have said.  Using this qualitative approach to data collection, rich detailed perspectives 
are often obtained by the sharing and comparing of responses among participants.”  
According to Barbour (2005), focus groups represent a flexible method of research that 
allows the researcher to investigate a variety of views.  “Focus groups are an inherently flexible 
method and any attempt to produce a watertight template for their use can only serve to diminish 
research creativity and innovation.” 
The simplest method of recording is to take notes of the session, getting as much detail as 
possible, including body language (Dawson & Manderson, 1993).  The notes are immediately 
reviewed and additional details are included “in order to give a full and clear account of the 
session.”  Once all the sessions are completed, “then it is necessary to look at all the focus group 
discussions together and begin to describe findings that apply to the study as a whole.”  
Challenges in analysis include overemphasizing consensus and overlooking group interaction in 
favor of individual quotes (Barbour, 2005).  A careful researcher should “aim for enough 
diversity within groups to stimulate discussion and sufficient homogeneity to facilitate 
comparison between groups” (Barbour, 2005). 
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This research will involve a mixed methods approach using a previously validated 
quantitative instrument (the CAOS test), a previously validated qualitative survey (ATS survey 
by Wise), a partially validated assessment developed by the researcher using validated questions, 
existing qualitative surveys developed by MIT and the Community College of Philadelphia and 
some Likert-scale questions developed by the researcher.  Finally, focus groups will be used to 
collect additional qualitative data necessary to answer the research question as to whether the 
intervention has improved students reported desire to learn statistics.         
 




Statistics education, millennials, multitasking, classroom intervention considerations, 
tablet PCs in the classroom and instructional software design are discussed in the preceding 
literature review.  These areas form the basis from which this research study aims to improve 
introductory statistics education using tablet computers.  The research supports that the proposed 
intervention is likely to be successful with millennial students and provides design elements for 
the development of the software application.  
There is overwhelming evidence that despite decades of research on improving statistics 
education in introductory courses, student performance is poor and a definitive solution to 
improve student learning has not yet been realized.  The research does indicate that certain 
educational elements can improve student outcomes.  Specific to this research are the research 
studies that determine that active learning, and especially computer-based active learning, is the 
key to improving student performance in introductory statistics.  In order to measure student 
learning, Delmas (2007) led a team that developed the CAOS assessment instrument.  This test 
makes it possible to evaluate the performance of the proposed intervention.  This research will not 
only quantitatively examine statistics education but will include the development and assessment 
of a software application designed to improve student learning. 
Millennial research not only suggests a possible reason for the poor results in statistics 
education, but researchers have provided recommendations which may lead to improvements 
specific to this generation.  Given the advent of computers and their widespread ubiquitous 
presence in the formative years of millennials’ development, it is not surprising that the 
instructional use of technology would represent a key requirement for this generation.  
Additionally, research suggests that multitasking may be a strongly desired element of the 
millennial learning environment and millennial students may have an innate ability to multitask.  
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On-task multitasking may be beneficial for student learning and cognitive research suggests that 
it could lead to improvements in long-term retention as well.  The tablet PC software application 
developed for this research is tailored for the millennial generation and includes on-task 
multitasking opportunities for learning. 
The research questions for this dissertation are informed by the literature review as 
follows: 
1. Does the revised tablet PC learning environment improve college level student learning 
in introductory statistics when compared to a lecture only approach? 
Research supports that the active learning premise behind the classroom intervention and its 
technological nature had the potential to increase student learning when compared to traditional 
instruction.  Design aspects of this project taken from literature have been demonstrated to 
improve student learning and retention.  The CAOS test provides a reliable and valid quantitative 
method for determining student learning and therefore assessing the impact of this work.    
Having numerous classes to compare results with the proposed intervention will provide for a 
thorough and unprecedented analysis.  
2. Does the revised tablet PC learning environment improve college level students’ reported 
learning interests and desire to learn statistics? 
Statistics education research did not provide for a quantitative method to measure students’ 
reported learning interests.  Instead, qualitative methods proposed by Leydens, Moskal and 
Pavelich (Leydens, Moskal, & Pavelich, 2004) were used throughout the semester to determine 
student learning interests.  Focus groups and the analysis of student feedback provided a thorough 
investigation of student learning interests.  Wise’s (1985) Attitudes Towards Statistics (ATS) two 
scale inventory was used to evaluate student perceptions of statistics. 
3. How does a college student’s prior experience with technology impact the effectiveness 
of the proposed learning environment? 
Results from the CAOS test were correlated with the MIT and CCP computer familiarity 
inventories and the Likert table developed by the researcher.  Millennial research suggests that a 
high proportion of students are comfortable with technology and that this comfort has the 
potential to result in more effective learning.  While research suggests that only a small 
percentage of students are uncomfortable with technology (and therefore quantitative statistical 
comparison of this group will be challenging), descriptive data collected as part of this project 
confirmed that a technological solution was appropriate given the aptitudes and tendencies of this 
generation.









This chapter discusses three years of pilot data collected to provide design information for the 
development of an educational platform.  Linn and Hsi (2000) state that successful examples of design-
based research occur in a single setting over a long period of time.  The data collected for three years with 
variation in classroom pedagogies and the inclusion of tablet PCs represent the foundation, which along 
with the literature review informs the construction of a robust pedagogical platform and the research 
methods for this project.  This chapter discusses the subjects, pedagogical variations and the proposed 
analysis methods.  The chapter begins with a description of the participating institution, Colorado 
Christian University, and the classes from which data were collected.  A description of the instructional 
approach for each class from which data were collected is presented.  
 
 
3.1 Description of Target Population 
 
 
The pilot investigation was conducted at Colorado Christian University (CCU).  CCU is located in 
Lakewood, Colorado and has more than 2000 undergraduate and graduate students. CCU is accredited by 
the Higher Learning Commission of the North Central Association of Colleges and Schools.  Its heritage 
can be traced to the founding of Denver Bible Institute in 1914.  The institution was renamed Denver 
Bible College in 1945 and then Rockmont College in 1949.  In 1985 Rockmont College and Western 
Bible Institute merged and became Colorado Christian College.  In 1989, Colorado Christian College and 
Colorado Baptist University merged to become Colorado Christian University.  CCU is a non-
denominational, private, Christian University.  Due to its pervasively sectarian mission and vision, CCU 
has proportionally higher tuition rates than other similarly sized Universities in Colorado.  CCU is a 
member of the Council of Christian Colleges and Universities (CCCU). 
CCU classrooms are designed for a class size of 25-30 students.  The average classroom size 
accommodates 32 students and 70% of the classrooms are limited to 32 students or less.  Every classroom 
is equipped with a computer, a computer projector, a teaching podium and a white board.  Most 
classrooms have furniture that can be moved to accommodate a variety of instructional arrangements. 
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3.1.1 Course Description 
 
 
The course selected for this pilot investigation was Probability and Statistics for Business and 
Social Sciences (MAT 212).  The CCU catalog description for this class is the following:  
An introduction to statistical analysis as used in business and the behavioral 
sciences. Descriptive and inferential statistics and attendant research designs will 
be considered. Students will become familiar with SPSS, although this is not a 
course focused on computer generated statistics as much as it is on the 
underlying assumptions and concepts used in statistical analysis. 
   
The prerequisite for this course is College Algebra (MAT 111).  MAT 111 provides a basic 
algebraic and quantitative background for students so that they can focus on the application of the 
statistical theories in MAT 212.  Prior to fall 2009, MAT 212 was numbered BUS 212 for Business 
Majors, PSY 337 for Psychology Majors and MAT 130 for all other Majors.  The different statistics 
courses covered identical topics and therefore were merged to facilitate course offerings at CCU. 
Since the pre-requisite course (MAT 111) provides a strong mathematical background, MAT 212 
is ideally suited for testing a classroom intervention oriented towards conveying theoretical statistical 
concepts.  The majority of students will be mathematically literate and will be able to focus on learning 
the theories presented.  The purpose of MAT 212 is not to improve on the ability of students to perform 
complex calculations but to interpret the results of statistical analysis.  The course encourages the use of 
statistical software such as SPSS or Microsoft Excel to compute numerical results.    
 
 
3.2 Classes for Data Collection 
 
 
The classes used for this pilot project were part of the researcher’s normal teaching load and 
therefore the researcher instructed all classes.  The course rotation at CCU includes MAT 212 as a fall 
class offering.  Up until and including fall 2007, the class was taught using a standard lecture format 
(without any computer mediated classroom intervention).  Table 2 below summarizes the classroom 
interventions used for the pilot study.  Course content and objectives were identical in all offerings 
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Table 2: Classroom Interventions Used for the Pilot Study 
Course Semester Control Group Lecture Type 
BUS 212 Fall 2007 Baseline Traditional Lecture 
MAT 130 Fall 2007 Baseline Traditional Lecture 
BUS 212 Fall 2008 Exploratory tablet usage Various tablet PC software 
interventions (Classroom 
Presenter, Ubiquitous 
Presenter, annotated slides) 
PSY 337 Fall 2008 Confidence Based Learning Traditional Lecture 
BUS 212 Spring 2009 Subject Specific Tablet Usage Partial Tablet PC Lecture / 
Partial Traditional Lecture 
BUS 212 Fall 2009 Voluntary Tablet Usage Traditional Lecture with some 
tablet PC use 
MAT 212 Fall 2009 Confidence Based Learning Traditional Lecture 
MAT 212 Fall 2010 Baseline Traditional Lecture, no Tablets 
 
  
3.2.1 Standard Lecture 
 
 
In the fall of 2007, the standard lecture used in BUS 212 consisted of a presentation-based series of 
lectures.  The textbook author’s (Aczel, 2006) slides were used for class presentations and data 
computation was performed using Microsoft Excel with templates provided by the textbook author.  
Template usage was demonstrated in class and data was collected from students to provide real examples.  
Students were given participation points for in class participation.  Assignments were mandatory and 
taken directly from problem sets in the textbook.  The course used an online system (E-companion by E-
college) for assignment posting and submission, threaded discussions and the final exam.  Assignments 
were completed as a group activity with groups of 3 or 4 students (templates were available for student 
use outside of class).  A 30-question multiple-choice pre/post test (discussed below) was used for the final 
exam.  MAT 130 used a similar lecture format although a different textbook was used.  Assignments in 
MAT 130 covered similar topics but were taken from the text used for that class (Moore & McCabe, 
Introduction to the practice of statistics, 2005).  The final exam was identical for both classes.  Business 
majors were registered for BUS 212 and other majors registered for MAT 130.  The course did not use 
tablet PC’s or any other common technology, however, some students did bring their own laptops to 
class. 
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3.2.2 Lecture with Tablet PC, Fall 2008 
 
 
After collecting baseline data in 2007, the fall 2008 class was altered to qualitatively evaluate the 
effectiveness of numerous classroom interventions to provide a better direction for the final classroom 
intervention.  A rack of 20 tablet computers was brought into the classroom and distributed to students 
each lecture.  Students logged into the machine and then into the educational software.  The slides used 
for the presentation part of the application were the textbook slides, as was done in fall 2007, but with the 
ability for students to use digital ink to annotate them.  The first three weeks of the class followed a 
traditional approach without any specific software so that the effect (or distraction) of computers in a 
traditional classroom could be evaluated.  The following 3 weeks utilized Classroom Presenter (an 
existing tablet-PC application developed by the University of Washington) for classroom interactions.  
The 3 weeks after that utilized another existing application (Ubiquitous Presenter developed by the 
University of California, San Diego).  After 3 weeks of using the Ubiquitous Presenter software, another 
3 weeks were spent using Ubiquitous Presenter via web browser.  The last 3 weeks of the class involved 
the directed use of tablet PCs for specific statistical applications rather than for digital inking or in-class 




3.2.3 Lecture with Confidence Based Learning (CBL), fall 2008 
 
 
In 2008, Colorado Christian University was approached by KnowledgeFactor, a company that 
developed an educational software product known as Confidence Based Learning (CBL).  CBL is based 
on the Problem Based Learning educational methodology evaluated by Norman and Schmidt (1992).  
Research in medical classes indicated improved results, particularly with conceptual subject matters.  
PSY 337 was chosen as a class to evaluate the use of CBL for statistics instruction.  The researcher 
developed CBL learning modules consistent with the objectives for all statistics classes at CCU.  Each 
module contained 20 - 45 multiple-choice questions that student would answer in iterative fashion until 
mastery was achieved.  Mastery was determined by correctly answering over ninety percent of the 
questions in a module twice.  After each iteration, students would be informed on which questions they 
answered incorrectly with complete explanations for each question.  The modules replaced textbook 
based homework but standard lectures with PowerPoint were used in class.  Students were given credit 
for completion of the modules.  The same final exam used in the baseline BUS 212 class was used for the 
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class so that a side-by-side comparison could be performed with a regular statistics class.  PSY 337 has a 
Psychology designation and therefore all of the students were Psychology majors. 
 
 
3.2.4 Lecture with Limited Tablet PC Use, spring 2009 
 
 
Distributing the tablet PCs is time consuming and it can be argued that some lectures should not 
take advantage of the computers or pen-based functionality.  In order to consider the impact of utilizing 
the tablet PCs for only selected lectures, the computers were only used with lectures in which a statistical 
test was evaluated with data.  Twenty percent of the lectures (six lectures out of thirty) fit this category.  
The lectures were: Linear regression, confidence intervals, hypothesis tests, two-sample tests, ANOVA 
and Non-parametric tests.  For these lectures, tablet PCs were distributed to students and classroom 
presenter was used for slides with pen-based annotations.  Microsoft Excel templates were used to 
compute the statistics in each of these classes.  The remaining 24 classes used a standard lecture format 
with the same slides as in 2007.  The purpose of this classroom intervention was to evaluate the selective 
use of tablet PCs in the classroom rather than a complete adoption.  The spring class was a section of 
BUS 212 and therefore all but two of the students were Business majors. 
 
 
3.2.5 Lecture with Voluntary Tablet PC Use, fall 2009 
 
 
After evaluating various classroom interventions in 2008, the fall 2009 class was altered to evaluate 
the effectiveness of a parallel classroom intervention to provide a final direction for the proposed 
classroom intervention.  While multitasking and computer-based instruction may be beneficial and 
preferential to some millennial students, it is unlikely to be a universal phenomenon.  In the fall of 2009, 
tablet PCs were brought into the classroom but offered only on a volunteer basis.  Students could use a 
tablet PC and were instructed in a tutorial on the first day of class on how to use Microsoft Journal to take 
pen-based notes and Excel templates were used to perform statistical computations in class.  Lectures 
followed a more standard approach using the same slides as were used in the fall 2007, however, a greater 
percentage of each lecture was spent working with data and performing statistical tests than lecturing on 
statistical concepts.  The purpose of this classroom intervention was to determine if more adept 
multitaskers would preferentially select tablet PCs and perform better in the posttest while learners who 
do not perform better while multi-tasking would be able to learn in an environment more suited to their 
own styles.  A voluntary approach investigates the possibility of simultaneous parallel learning styles 
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within the same classroom.  This class was a BUS 212 class and therefore the majority of students were 
Business majors (with a single Psychology major student). 
 
 
3.2.6 Lecture with Confidence Based Learning (CBL), fall 2009 
 
 
CCU elected to use Confidence Based Learning (CBL) for a second semester to further evaluate the 
potential of Problem-based Learning for statistics instruction.  The class format was identical to the fall 
2008.  Due to the course name change from PSY 337 to MAT 212, the class was not uniquely comprised 
of Psychology majors.  Instead, there were a few Business majors and a pre-med major as well.  No tablet 
PCs were used in this class and other than the population of students, this class was identical in 
presentation to the fall 2008 CBL class (PSY 337). 
 
 
3.2.7 Standard Lecture with Increased Objective Testing, Fall 2010 
 
 
In the fall of 2010, three sections of MAT 212 were taught using a standard lecture but with an 
increased focus on objective testing.  As with the fall of 2007, PowerPoint lectures were used and 
Microsoft Excel was used in class for computations.  In this class, however, the learning objectives were 
split into 18 sets of multiple-choice quizzes that all students had to complete.  The increased focus on 
objective testing was designed to evaluate whether this would affect the pre/post assessment results since 
both assessments used throughout this research are multiple choice.  The results will be compared with 
the fall 2007 results and will serve as a baseline for comparison with the fall 2011 results of the proposed 
intervention.  No tablet PC’s were used in these classrooms. 
 
    
3.3 Assessment Instruments 
  
 
 Assessment instruments used in this project are designed to determine the level of statistical 
knowledge of students before and after completion of an introductory statistics course, to track student 
demographic information, and to assess students’ level of comfort with computers and multitasking.  An 
emphasis was placed on using pre-existing assessment materials developed by other researchers for 
greater reliability and validity.  The pre/post test developed by the researcher, the CAOS pre/post test, the 
computer skills and demographic questionnaire, the MIT computer skills self-assessment tool, the 
community college of Philadelphia computer skills assessment, the demographic and millennial 
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questionnaire and the Attitudes Towards Statistics survey (ATS) are discussed below and included in 
Appendix B.   
 
 
3.3.1 Pre/Post Test developed by the researcher 
 
 
Given that the research involves the evaluation of an instructional change designed to improve 
student learning, an assessment tool is needed to evaluate student progress towards the stated objectives 
of the course.  In order to prepare this instrument, ten primary course objectives were identified by the 
instructor: Measures of Central Tendency, Measures of Dispersion, Basic Probability, Probability 
Distributions, Estimation, Sampling Theory, Hypothesis Testing, The Normal Curve, ANOVA and Linear 
Regression and Correlation.   Multiple-choice questions were then selected from previously validated 
instruments to match each objective.  Ten questions were selected from the ETS equivalency exam 
(CLEP) (ETS, 2007), ten from an ETS recommended author’s test bank (Moore & McCabe, 2005) and 
ten from the author’s test bank for the text used in the class (Aczel, 2006).   
As the importance of the 10 course objectives was not equal, some objectives had greater 
representation through problems on the test than others based on the relative importance to an 
introductory Statistics class.  Therefore, the assessment tool consisted of 1 objective question for each 
class period.  For the purposes of this research, 2 central tendency questions, 2 dispersion questions, 3 
Normal distribution questions, 8 Basic probability questions, 2 probability distribution questions, 2 
sampling theory questions, 4 estimation questions, 4 hypothesis testing questions, 1 ANOVA question 
and 3 Linear Regression and Correlation questions were used.  This corresponded to the number of 
lectures utilized for each topic.   
Questions were placed on the pre/post exam in a round robin format, one question from each of 
the 3 sources at a time.  For example, the questions taken from the ETS exam were questions 1, 4, 7, 10, 
13, 16, 19, 22, 25 and 28.   The questions were inserted in order of coverage based on the researcher’s 
determination.  The three sources provided different orders so while there is a general progression from 
material covered earlier in the semester to material covered near the end of the course, the overall 
ordering of the questions is not specific to the order in which the material was covered in class. One class 
period (1 hour and 15 minutes) was given to complete the assessment. 
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3.3.2 CAOS Pre/Post Test 
 
 
Delmas, Garfield, Ooms and Chance developed the CAOS test starting in 2005 and collected data 
from 1470 undergraduates enrolled in 39 college-level first courses in statistics at 33 institutions in the 
United States. Institutions were in 21 states and courses were taught by 25 different instructors (Delmas, 
2007).  The sample had a Cronbach’s alpha of .82 for internal reliability.  Due to the strong reliability of 
the test, the thorough testing and the alignment of the test with the course objectives for this research 
study, this test was chosen as a pre/post test in conjunction with the test developed by the Researcher.  A 
major purpose of this research study is to quantify the improvements that a tablet PC-mediated class can 
achieve in student learning.  The utilization of a widely used validated assessment instrument is 
invaluable to this research study.  The test was first used as a posttest for the fall 2009 classes and was 
used in the fall of 2010 as a pretest and posttest.  Baseline data were collected from the fall of 2010 since 




3.3.3 Computer Skills and Demographic Questionnaires 
 
 
As this research is an exploratory study into the effects of a computer mediated learning 
environment on students, an instrument was prepared to evaluate basic computer skills and to collect 
basic demographic data.  The computer skills assessment was based on two existing surveys, one used at 
the Massachusetts Institute of Technology (MIT) and the other used at the Community College of 
Philadelphia (CCP).  An additional tool was prepared by the researcher to evaluate questions specifically 
related to multi-tasking and millennial generational tendencies. 
 
 
3.3.4 MIT Core Computer Skills Self-Assessment Tool 
 
 
Massachusetts Institute of Technology (MIT) offers a free online assessment tool for students so 
that they may determine if they need additional training in basic computer skills prior to completing 
classes at MIT.  MIT’s assessment instrument consists of 35 Yes/Unsure/No questions grouped into 6 
topics.  MIT recommends that if more than 1/3 of the questions are No or Unsure, further training in basic 
computer skills is required.  It was not clear why an “unsure” category was used in the questionnaire as 
the results are computed in the same way as the “No’s”, however it allowed the researcher to categorize 
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students with “unsure” responses separately from those who specifically state an inability to perform a 
given task (a “no”).  MIT’s assessment tool provided a fairly thorough assessment of a student’s self-
reported general computer skills.  This instrument was administered at the beginning of every semester 
and was used to group students into computer skill-based groups for data analysis. 
 
 
3.3.5 Community College of Philadelphia Computer Skills Assessment 
 
 
The Community College of Philadelphia (CCP) offers a distance education self-assessment to 
evaluate whether students are ready for fully computer-mediated education.  The CCP assessment consists 
of 8 Yes/No questions and provides a score interpretation scale.  Three questions are evaluated as being 
more important for distance education (specifically, the ability to use a web browser and the students 
comfort level learning a new computer application and their ability to use help files to get answers).  
CCP’s assessment instrument provided questions oriented towards determining comfort levels with 
computer-mediated instruction (fully online).   
 
 
3.3.6 Attitudes Towards Statistics (ATS) survey 
 
 
Wise (1985) developed a 29 question attitudinal survey with two sub scales to evaluate student 
attitudes towards statistics.  The questions are all based on a five point Likert scale with some questions 
reversed to verify that students’ responses are accurate.  Twenty questions evaluate student attitudes 
towards the field of statistics and the other nine evaluate student attitudes towards the specific statistic 
course they are taking.  According to Wise both subscales have an internal consistency (Cronbach’s 
Alpha) of approximately 0.90.  Wise also found that there was a strong positive correlation between 
student attitudes towards the course and course grade.  Wise found no relationship between student 
attitudes towards the field of statistics and course grade although it is likely that there would be a 
relationship between student attitudes towards the field of statistics and long term retention of the course 
content (Wise did not attempt to evaluate this).  This survey was first given to students at the end of the 
fall 2010 semester and was used as a pre/post survey in the fall of 2011 when the new software was used.  
Results from the end of the fall 2011 semester were compared to the fall 2010 results and the fall 2011 
beginning of semester results.    
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3.3.7 Demographic and Millennial Questionnaire 
 
 
In addition to the assessments designed by other researchers, the following Likert table (prepared 
by the researcher) was administered to the class in every semester data was collected: 
 
 
Figure 1: Computer Preferences Likert Table 
 
The purpose of this portion of the assessment is to evaluate student preferences for computer 
usage both at home and in the classroom so that it may be correlated with performance in a computer 
mediated classroom.  A five point Likert scale was used due to the familiarity of Likert scales to students 
(all course evaluations at CCU are based on a five point Likert scale).  Additionally, Likert analysis is 
possible using non-parametric methods.   
Finally, the gender and student identification number were collected so that the effect of gender 
can be explored and so that the questionnaire can be correlated with pre/post test results. 
The purpose of having multiple assessments is to triangulate the data in order to confirm the 
research findings.  This is especially true since the class sizes are small and therefore the data set is below 
optimal for statistical tests (n<30).  Additionally, the different assessments measure different facets of the 




3.4 Pilot Results 
 
 
Data was collected from 2007 to 2010 to inform the design of the software intervention.  This 
constitutes a three-year pilot investigation.  The results from the pilot experiment demonstrate the need 
for improved statistics education and provide evidence to support the researcher designed assessment as 
well as a rich baseline from which to compare the full study.  While additional statistical tests are 
Dislike Somewhat Dislike Neutral Somewhat Like Like
1 2 3 4 5
Learning with a Computer
Recreation on a Computer
Communicate using a Computer
Internet Research
Multi-tasking (more than 1 
simultaneous Activity)
Classroom presentations on a 
Computer
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performed on the final data set, the analysis of the pilot data provides for a test-bed for the processing of 
the data.  
 
 
3.4.1 Summary Data 
 
 
Table 3 includes the summary data for all of the semesters discussed previously.  For each 
semester, pre and post test scores are indicated as well as the difference.  The test is based on 30 multiple-
choice questions and the percentage of correctly answered questions is indicated in the table.  The 
standard deviation of the difference (converted to a percentage by dividing 30) is included as well to 
evaluate the variance in student learning as a result of the interventions. 
 
Table 3: Researcher Developed Pre/Post Test Summary Data 
 n Pre Test Post Test Difference Standard Deviation of Difference 
Bus 212 FA 07 25 33.6% 37.6% 4.0% 13.0% 
MAT 130 FA 07 11 46.4% 54.5% 8.2% 7.0% 
BUS 212 FA 08 21 34.6% 50.8% 16.2% 8.4% 
PSY 337 FA 08 18 32.4% 43.9% 11.5% 13.9% 
BUS 212 SP 09 15 34.0% 49.3% 15.3% 19.6% 
BUS 212 FA 09 13 36.9% 42.8% 5.9% 9.7% 
MAT 212 FA 09 17 41.4% 55.9% 14.5% 14.5% 
MAT 212 FA 10 65 33.9% 49.5% 14.6% 9.9% 
 
 
 The smallest difference between pre and post test occurred in the baseline semester (Fall 2007) 
and the second smallest difference occurred in the fall of 2009 with the voluntary use of computers.  The 
largest difference (and greatest evidence of learning) occurred in the fall of 2008 with the use of tablets 
and the second greatest difference occurred in the spring of 2009 with the selective use of tablet PCs.  
Figure 2 is a chart with the summary data for the first 3 years of the research.  As with the CAOS test, 
even the best semesters result in a score of only a little over 50% on the post test.  According to Delmas 
(2007), assessment instruments developed by instructors tend to exaggerate the improvement as compared 
to the results of the validated CAOS test.  These low scores suggest that the 30 multiple-choice 
questionnaire developed for this research did not overly exaggerated student improvement. 
 
 




Figure 2: Researcher Developed Pre/Post Test Results 
 
The standard deviation of the difference was higher in classes with traditional lectures with the 
exception of the MAT 130 section, which was a very small class.  The small class (MAT 130) and the 
class with tablets (BUS 212 FA 08) yielded a lower standard deviation of the difference.  The standard 
deviation of the difference is a measure of whether the instructional technique applied more universally to 
the students.  A larger deviation suggests that some students did well while others did not while a smaller 
deviation suggests that improvement was more uniform across the class.  The fall 2007 baseline data 
demonstrated a higher variability than other sections and the lowest mean improvement.  Interestingly, 
students seated in the front of that class did better than those seated in the rear (data was collected 
regarding the seating position of the students in this class). The fall 2008 BUS 212 class was the second 
largest class and used tablet PCs throughout the semester.  This resulted in the greatest mean 
improvement and the smallest standard deviation of the difference (although the difference was not that 
much higher than differences found in 2009 and 2010).  The fall 2010 data yielded the fourth highest 
improvement and the fourth lowest standard deviation of the difference out of the eight semesters.  The 
improvement in results when compared to the fall of 2007 (even though the improvement was small), 
given that the class was taught with the same standard lecture, suggests that the increased standardized 
testing resulted in modest improvements in learning.   The data suggests that a performance difference 
exists between students who receive standard lectures and those who attend tablet PC enhanced classes.  
It is possible that the performance difference is a result of the lack of engagement by students in 
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Table 4 displays the CAOS test results for the fall 2009 and fall 2010.  The CAOS results for the 
fall 2009 post test for MAT 212 yielded an average score of 50.2% and a score of 46.7% for the BUS 212 
posttest.  Both scores were slightly below median scores for the CAOS test but within the interquartile 
range of the 33 institution sample of 1470 students.  The low results are consistent with what is known of 
the type of students (Business and Psychology majors) who completed the test.  According to Delmas 
(2007), students in majors with a more mathematical or scientific emphasis performed better on the 
CAOS test.  In 2009, the CAOS test was only administered as a post test.  The results are consistently low 
but suggest that the CAOS test will be a good measurement instrument for improvement in future 
semesters.   
 










BUS 212 FA 09 13 46.7%  Not Taken  N/A 
MAT 212 FA 09 17 50.2%  Not Taken  N/A 
MAT 212 FA 10 65 47.7% 39.9% 8.3% 
 
 
 Table 5 displays the comparison between the fall 2010 CAOS test results and the results from the 
researcher designed test.  The results are fairly close in terms of absolute numbers but the difference is 
greater for the researcher test and the standard deviation of the difference is lower.  This may indicate that 
the test designed for this research may be better aligned with student learning than the CAOS test.  The 
higher pretest score for the CAOS test suggests that it may contain information which is commonly 
known to students prior to completing an introductory statistics course.  The two post test scores (CAOS 
and Researcher designed) were much closer in value and the slightly lower CAOS posttest score may be 
indicative of confusing questions. Given the reliability and validity of the CAOS test, this data suggests 
that the researcher designed test is a strong indicator of student learning in an introductory statistics class.  
The correlation coefficient for the CAOS and researcher developed pretest was 0.28 which is low but may 
be a result of guessing given the extremely low pretest scores and the lack of pre-knowledge.    The 
correlation for the post tests was 0.56 which is significantly better.  The correlation for the difference 
between the pre and post tests for the CAOS and researcher developed tests was 0.16 which is very low.  
This low correlation coefficient indicates that the researcher developed test should not be used to predict 
the difference between the CAOS pre and posttests.  It also means that the two tests may evaluate 
different statistical concepts.  Given this result, the scores for each test were treated independently for this 
research. 
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Table 6 displays the data from the qualitative data from the MIT, CCP, ATS and demographic 
assessments.  The table provides overall data for all groups.  Skewness and standard deviation are 
included in the table although some of the data are based on a five-point Likert scale so the data are not 
normally distributed nor are they continuous.  In fact, none of the data in the table are continuous and 
only a few of the fields approach normalcy.  Table 7 contains the means separated by class.   
 
Table 6: Descriptive Statistics of Qualitative Data (All Groups) 
 N Minimum Maximum Mean Std. Deviation 
CCP 185 6 8 7.70 .574 
MIT NOs 185 0 14 2.24 3.336 
MIT Unsures 185 0 11 2.35 2.513 
Learning 185 1 5 4.22 .998 
Recreation 185 2 5 4.38 .806 
Communication 185 1 5 4.52 .752 
Multitask 185 1 5 4.50 .753 
Classroom 185 2 5 4.46 .773 
Internet 185 2 5 4.57 .649 
ATS Field 65 47 88 72.40 9.320 
ATS Course 65 10 44 27.23 6.595 
      
 
 
 As expected, students had very high numbers of “Yes’s” on the CCP survey indicating high 
comfort levels with computers, the MIT numbers of “Nos” and “Unsures” were low and the average 
Likert values were all considerable above 4 on a scale of 1-5.  Interestingly, multitasking was the second 
highest ranked item behind communication.  The ATS Field score was a 72.4 out of a possible 100 and 
the ATS Course score was a 27.2 out of a possible 45.  The ATS test was administered as a post test to 







Test Difference Standard Deviation of Difference 
Researcher 
Test 49.5% 33.9% 14.6% 9.9% 
CAOS 47.7% 39.9% 8.3% 14.0% 
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3.4.2 Distribution of Data 
 
 
Many statistical tests require an assumption of normality.  The quantitative data was tested to 
determine normality by the quantile-quantile (Q-Q) plots below and by using a Chi-square goodness of fit 
test for normality.  The Chi-square goodness of fit test revealed that at a significance level of 0.05, the 
pre, post test were normally distributed but the difference between the tests was not.  The CAOS tests 
results (a much smaller data set), were normal for the pre, post and difference at a significance level of 
0.05.  In fact, the CAOS test results fit a normal curve better than the researcher developed test although 
the sample size was much smaller and consisted of a single class.  The lack of normality in the difference 
may be a function of the different class interventions used on the design of the test itself. 
 
 
Figure 3: Q-Q Plot of Posttest Data 
BUS212 FA07 BUS212 FA08 MAT130 FA07 PSY337 FA08 BUS212 FA09 BUS212 SP09 MAT212 FA09 MAT 212 FA10
CCP Test (# of Yes) 7.9 7.6 7.5 7.4 7.8 8.0 7.5 7.8
MIT # of No's 1.1 0.9 1.8 1.1 0.9 0.3 1.8 4.3
MIT # of Unsure's 1.3 1.1 2.9 3.1 2.5 2.3 3.8 2.4
Learning with a Comp 4.4 4.4 4.3 4.3 4.3 4.3 4.1 4.1
Recreation with a Comp 4.5 4.2 4.4 4.4 4.7 4.7 4.2 4.3
Comm. With a Comp 4.7 4.5 4.5 4.5 4.4 4.5 4.2 4.6
Multi-Task 4.7 4.3 4.5 4.5 4.5 4.8 4.5 4.4
Classroom Pres. 4.6 4.5 4.4 4.4 4.5 4.6 4.1 4.5
Internet Research 4.6 4.3 4.5 4.6 4.7 4.5 4.5 4.6
ATS Field 72.4
ATS Course 27.2




Figure 4: Q-Q Plot of Pretest Data 
 
 
3.4.3 Statistical Analysis of the Data 
 
 
Due to the limitation of having only 20 tablet PCs, sample sizes associated with this research will 
always be small.  A total of 185 data points exist with 8 classroom interventions used.  The fall 2010 
semester consists of three sections of MAT 212 with 65 data points.  The fall 2011 sections were similar 
in size (54) providing for a larger sample comparison.  Additionally, due to low test scores on the pre-test 
for all groups, low posttest scores and the differing knowledge gained by students sometimes forming bi-
modal distributions, the normality assumption of the data is questionable.  Based on this, both normal 
assumption tests such as t-tests and ANOVA were performed as well as their non-parametric equivalents 
the Mann-Whitney U test and the Kruskal-Wallis test.  As a first test, both the ANOVA and Kruskal-
Wallis test resulted in rejection of the null hypothesis (the Null hypothesis is that all groups have the same 
distribution).  The p-value for the ANOVA test was .0061 and the p-value for the Kruskal-Wallis test was 
.0095.  These results are very low (very clear rejection of the null hypothesis) so the lack of truly random 
data is unlikely to change the results of the test.  None of the Tukey posttests (or Kruskal-Wallis 
equivalent posttests) revealed any specific differences between groups although some group differences 
were borderline.  The Tukey test only revealed a difference between the fall 2008 and the fall 2007 group 
at the 90% confidence level.  The equivalent posttests associated with the Kruskal-Wallis did not reveal 
any specific group differentiation either at an alpha of .05.  The t-tests and the Mann-Whitney U test 
revealed significant differences between many of the groups.  Specifically, the tablet PC enhanced 
classrooms all demonstrated a statistically significant improvement over the fall 2007 baseline.  The CBL 
   Pilot Experiment 
95 
 
classes also displayed an improvement over the fall 2007 baseline but the fall 2009 MAT 212 with 
volunteer tablet usage, the MAT 130 section in fall 2007 and the baseline BUS 212 section were all 
statistically similar.  The two CBL sections yielded very similar results suggesting a common response to 
the classroom intervention.  The fact that the sections were so close in terms of difference and the 
standard deviation of the difference is an indication that the Hawthorne effect has been insignificant (in 
fact, the second section was slightly higher).  The difference was slightly higher for the section that used 
tablet-PCs but not statistically significant.  The bigger difference was between the standard deviation of 
the difference.  An F-Test for the equality of variances between the fall 2008 section with tablets and the 
fall 2008 section with CBL resulted in a rejection of the null that the variances are equal in favor of the 
alternate hypothesis that the two variances are unequal.  The difference between the pretest and posttest is 
a measure of statistical learning and the variance of this difference evaluates the consistency of 
improvement in content knowledge across the population.  This suggests that results with the tablet PC 
are potentially more evenly distributed across the population, which is consistent with the evaluation of 
the variance of the results with a standard lecture.  The statistically higher mean difference of a CBL 
enhanced class when compared to a standard lecture suggests that the CBL methodology does help a 
proportion of the students but the higher variance suggests that it does not help them equally.   
The qualitative data was used to correlate between student responses and the difference between pre 
and post test.  Given the non-normal nature of the qualitative data, the Spearman correlation coefficient 
was used.  There was no significant correlation between the difference between the pre and post test and 
any of the computer familiarity questions.  This is expected since computers were not used regularly in 
the classroom (except for limited voluntary use in 2009) so there is nothing to suggest that student 
performance in the class should be related to comfort levels with technology.  This data does provide a 
base from which to compare the fall 2011 classroom.  The generally high reported comfort level with a 
computer suggests that there may not be a significant correlation in the fall either. 
 
 
3.5 Application of the Pilot Experiment Results to the Full Study 
 
 
 The pilot experiment data indicated that a tablet PC mediated classroom environment may 
increase learning and that this learning appears to be enjoyed evenly by a majority of the students.  Of the 
eight classroom interventions, the fully tablet-PC mediated classroom enjoyed the highest mean 
difference and the second lowest standard deviation of the difference.  The detailed analysis completed in 
this pilot investigation further supports the appropriateness of the assessment instruments in measuring 
the impact of the tablet PC classroom solution designed for this research.  The low correlation between 
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the researcher designed test and the CAOS test indicates that both should be used as independent methods 
of verifying the effectiveness of the learning platform.  The questionable normality of the results indicates 
that non-parametric tests should be used in the processing of the final data.  
 Based on the pilot experiment, the software for the full study was designed to be accessible by 
students after class and was designed to be used every class lecture.  Additionally, the software was 
designed to encourage the exploration of objective questions.  The exploration of existing tablet PC 
applications (Classroom Presenter and Ubiquitous Presenter) in the fall of 2008 also served to identify 
desirable aspects of the software platform.  For example, the multicast feature of Classroom Presenter did 
not work well on the network at Colorado Christian University whereas the use of a centralized database 
for the storage of ink annotations and slides worked significantly better.  The polling feature of both 
applications was not used in class (due to the small class size it did not seem necessary).  The ability for 
students to submit their ink annotations was heavily used and represents the key feature of the application.  
There were significant problems for late-joiners with both applications although Ubiquitous Presenter 
handled this challenge better.  In some cases students would be dropped from the application and it was 
difficult for them to re-join the lecture.  The application designed for the full study was developed so that 
students could join the class at any time.  Students desired to access their annotations later and while 
Ubiquitous presenter allowed this to a limited extent, Classroom presenter did not.  The application 
designed for the full study allows students to access all classroom materials at any time from any 
computer.     
The pilot experiment provided invaluable data in terms of the desirable features of existing tablet 
PC educational applications and in terms of assessment tools needed to evaluate the results.  Given that a 
tablet PC software application was designed with specific attributes that improve statistics instruction and 
that appeal to millennial students, it was anticipated that the classroom intervention designed for the full 
study would result in improved student learning.  










This chapter discusses the experimental design for the research including the subjects, software 
design details and the methods of analysis.  This chapter begins with a description of the target class and a 
description of the instructional approach for both the traditional classroom (baseline) and the classroom 
with the proposed ubiquitous tablet PC intervention.  This is followed by the software development 
details and a description of the assessment tools and their relation to the research questions.  This section 
concludes with the analyses methods used.  
 
 
4.1 Description of Target Population 
 
 
As with the pilot experiment, the target population for this research is the MAT 212 class at 
Colorado Christian University.  The tablet PCs were used in two sections of MAT 212 in the fall of 2011 
with a total of 54 students.  Students who major in Business, Psychology and pre-Medicine are required to 
complete the class and most students do so during their sophomore year.  While the sample is not a true 
random sample, Ludbrook (1998) argues that very low p-values (similar to those in the pilot data) will 
cause rejection of the null hypothesis regardless of the sampling technique.  In other words, a proper 
random sample would cause rejection of the null hypothesis in the same cases in which a sample obtained 
through semi-random processes (such as the manner in which students register for the class) would.  If the 
p-value is close to .05, Ludbrook (1998) recommends permutation tests to confirm the hypothesis.  The 
lack in random design artificially decreases the significance level so rejection of the null hypothesis is 
possible in situations in which it should not be rejected.  Using a higher significance level or triangulation 
through various assessment devices corrects for this concern.  This research will use multiple quantitative 
and qualitative instruments to triangulate the improvement in student performance to compensate for the 
sampling method used.  
 
 
4.2 Baseline Data 
 
 
In order to compare the results of tablet PCs in the classroom to traditional introductory statistics 
classes, the pre/post tests and computer preference/demographic questionnaire were administered to two 
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Fall 2007 classes offered at CCU in a traditional format (i.e. non-tablet PC enhanced) with the same 
instructor.  The course numbers were BUS 212 and MAT 130.  While the classes were at different levels 
(100 versus 200) and had different prefixes (MAT versus BUS), both were taught with identical course 
objectives and consisted of comparable student populations.  By ensuring that identical objectives were 
taught, approximately the same material was covered for both classes.  Twenty-nine students were 
enrolled in the BUS 212 section and 12 students were enrolled in the MAT 130 section.  Additionally, the 
three fall 2010 sections of MAT 212 were all taught using standard lectures with an emphasis on 
objective testing so that these sections can be used as an additional reference.  The fall 2010 classes were 
all administered the CAOS pre and post test so that improvement on this standardized test can be 
compared to the improvement that results from the proposed intervention. 
 
 
4.3 Lecture with Tablet PC, fall 2011 
 
 
After evaluating various classroom interventions from 2007 to 2010 as a pilot experiment, the fall 
2011 class was altered to evaluate the effectiveness of the tablet PC software solution designed for this 
research.  A rack of 20 HP TC4200 tablet computers was brought into the classroom for each class 
session and distributed to students at every lecture.  The HP TC4200 is a pen based tablet computer and 
Microsoft Windows XP Professional was the operating system loaded onto every device.  The software 
designed for this research was pre-loaded onto every tablet and provided to students for home use on their 
own devices.  The software was tested on Microsoft Windows XP, Windows Vista, Windows 7 and 
Windows 8 as well as Mac OS 10.5, 10.6, 10.7 and 10.8.   Students logged into the machine using their 
university network IDs and then into the educational software designed for this research (named “Multi-
tasking Educator”) using login credentials provided during the first class session.  The slides used for the 
application were textbook slides (Kirk, 2008), as was done in fall 2007, 2008 and 2010 (although the 
slides were fitted with an area for student pen annotations).  In addition to the annotated lecture 
environment, students were provided typed notes and various web sites and statistical applications using 
the slide specific links.  Figure 5, is a screen shot of the application showing the Professor’s notes and 
resources and demonstrating the “notes” area on the slide image.  




Figure 5: Multi-Tasking Educator Display 
 
4.4 Software Design 
 
 
 Based on Spalter’s (2003) research and Greer’s (2005) statement that multi-platform 
compatibility is greatest with Netbeans, software for this project was developed using Java on Netbeans 
7.0.1.  Netbeans provides numerous advantages for developing educational software due to the large 
number of pre-existing components.  Java runs well on Microsoft and Apple operating systems and 
therefore provides a high degree of flexibility.  The designed software was not specific to pen-based tablet 
PCs even though the application will be tested in a classroom with a set of 20 identical tablet PCs.  This 
allows students to install and use the software at home on their own devices to review notes or follow 
links.  The choice of development environment also facilitates the eventual development of this software 
for newer tablet PC platforms such as the iPad and the Android operating system.  Squires and Preece 
(1999) state that well designed educational software must be developed using an educationally derived set 
of guidelines.  For this research, the platform was an installed Java application with a MySQL web-based 
database for greatest flexibility while the user interface was designed based on educational criteria.  The 
teaching strategies and software solutions, the instructional issues, the educational model used, the basic 
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design of the software, the structural elements, and the programming language used to program the 
educational platform are discussed in the sections that follow.  
 
 
4.4.1 Teaching Strategies and Software Solutions 
 
 
The teaching strategies suggested by various authors to meet the needs of millennial students 
(Ewen, 2005; Gleeson, 2003; Fahlbusch, 2008; Drago, 2006; Tyler, 2007; Cvancara, 2007; Gauthier, 
2007; Keene, 2010; Jonas-Dwyer, 2004; Elam, 2007; Sweeney, 2005; Taylor, 2005; Duck, 2005; 
Dziuban, 2005; and Moreland, 2006) were used to develop a list of software solutions (see Table 8), 
which informed the design of the software for the tablet PC.  This section discusses these 
recommendations and how they are integrated into the software design.  
Gauthier (2007) suggests using a multidirectional and multitasking approach with millennials.  In 
response to this suggestion, the software has an interface that allows students to choose activities from 
tabs, follow links to articles and web animations, discuss questions with peers in a chat area, solve 
problems on a drawing space and when finished, “push” individual solutions to the professor.  The 
activities create a multidirectional and multitasking environment that meets student needs in this area, and 
yet keeps student multitasking on-task.   
Fahlbusch (2008) suggests encouraging student contributions.  As a result, the software includes 
“ink” diagrams of solutions, student “submissions” displayed on the large screen creating an authentic 
artifact to discuss as a class, and student posts in a chat area.  Participation is voluntary and the Professor 
can ask students whether they are willing to share before their solution is displayed to the class.  Figure 6 
displays the submission of a student in the foreground and the list of students in the background with the 
selected student highlighted.   
Drago (2006) suggests including an enjoyment factor and innovation.  In order to fulfill these 
recommendations, the software includes links to content-oriented games that teach statistical concepts and 
instructional but entertaining videos such as “The Central Tendency Rap”.  In addition, there are 
opportunities to share innovative solutions to problems (student work is displayed on the main screen and 
discussed, showing multiple solutions).   
 
Cvancara (2007) suggests using real-life applications.  As a result, the software includes links to 
real-life learning activities and a chat area, where students can discuss how statistical concepts are 
relevant to their lives and work.  Additionally, the majority of examples in the slides are based on 
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practical applications from the two most prevalent majors (Psychology and Business).  The software 
facilitates the use of more learning activities than a conventional slide-based lecture would.    
 
 
Figure 6: Reviewing a Student Submission 
  
Keene (2010) suggests providing millennial students with a variety of sensory input.  As a result the 
software includes visually appealing materials, with links to video and graphics, images, and multimedia.  
Multitasking research, however, suggests that it is possible to overload a locus of control in the brain and 
given the aural nature of in-class lectures, it is important not to have auditory materials during the lecture 
portions of the class.  Auditory links are only provided out of class or for in-class exploration and break-
out groups.   
Jonas-Dwyer (2004) suggests using electronic communication and interaction with millennial 
students and Gleeson (2003) suggests encouraging collaboration among students.  In response, the 
software has a place for student chats and learning modules with hyperlinks to pertinent resources.  The 
idea that individual submissions may be presented to the entirety of the class is also of interest to 
collaborative learners.   
Elam (2007) highlights the importance of assessment and feedback.  In response to this, the 
software includes links to numerous assessments in the resources.  The resources include links to 530 
questions loaded by the researcher onto a website, many of which assess quantitative skills.  These 
assessments provide opportunities for students to receive feedback so that they can have a more accurate 
picture of how well they understand the material.  Students can access these assessments during class so 
that they can ask questions during the lecture and they are available outside of class as well.   
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Sweeney (2005) suggests experiential learning and providing millennial students with plenty of 
choices and customization.  As a result, the software has an interface that allows students to explore and 
test ideas, come up with their own solutions and see peers’ solutions. It has interactive activities that are 
blended into the lecture, active and hands-on learning activities, a chat area, links to educational games 
(teaching some information in ‘game’ form, with quick feedback and rewards) and real-life examples.  
The software promotes student learning through active experiences and interactive sharing, allowing 
students to make choices about their learning experience (i.e. what links to select in the interface, whether 
to type notes or write notes and giving them the opportunity to annotate the slides).   
Taylor (2005) states that portability of information is important to millennials.  In response, the 
software provides access to course materials anytime, anyplace and all links and information are current.  
Students are provided with the application on the first class session and it runs on most computer systems.   
Duck (2005) suggests that seeing the “big picture” is important to millennials.  To satisfy this 
recommendation, the software has key statistical topics arranged in graphical form (both in the slides and 
the resources), links to individual explanations and definitions, and communication with students through 
the chat screen.  While the slides designed by the author provide some of these features, the resource links 
greatly enhance the multiple facets of the material.   
Dziuban (2005) suggests providing millennials with opportunities for critical thinking.  In response, 
the slides have content that connects statistical ideas with other disciplines and with the real world and the 
software provides links to statistical topics and questions that require critical thinking.  Using the slides in 
a more interactive fashion with submissions and the subsequent review of submissions encourages the 
application and growth of critical thinking.   
Moreland (2006) highlights the importance of millennial students’ “ownership” of learning.  As a 
result, the software allows students to select the materials they would like to see, and follow links to 
comprehension questions and extra materials.  Students are in charge of their own learning experience 
(even in the classroom), leading to increased motivation and a sense of responsibility.     
Table 8 illustrates the recommendations of the literature that were used to inform the development 
of this software.  
       
Table 8: Tablet PC-Based Software Solutions 
Teaching Strategies Tablet PC Software Solutions 
Clear student directions (Ewen, 
2005). 
 A place to ask other students and the instructor 





 Virtual whiteboard screen sharing 
 A place for student communications (chat area) 
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Teaching Strategies Tablet PC Software Solutions 
Student contributions 
(Fahlbusch, 2008).   
 “Ink” diagrams of solutions  
 Student posts in chat area 
 Student “submissions” displayed on the large screen 
and discussed 
 
Clearly defined “success 
factors.” (Ewen, 2005).   
 Clear directions for activities with graphic 
representations  
 
Enjoyment factor (Drago, 
2006). 
 Links to content-oriented games that teach statistical 
concepts 
 
Innovation (Drago, 2006).  Different solutions for problems (student work 
displayed on the large screen and discussed) 
 
Real-life application (Cvancara, 
2007).   
 Links to real-life learning activities 
 Chat area (so that students can discuss how statistical 





 Interface that allows students to choose activities from 
tabs, follow links to articles, discuss questions in a 
forum, solve problems in a collaborative space and 
when finished, ‘push’ individual solutions to the 
professor 
 
A variety of sensory input 
(Keene, 2010).  
 Video and graphics  
 Images 
 Multimedia – text, video and sound 
 Visually appealing materials  
 
Electronic communication and 
interaction (Jonas-Dwyer, 
2004).   
 Place for student peer communications 
 Place for collaborative learning activities 
 Learning modules with hyperlinks to pertinent 
resources 
 
Assessment and feedback 
(Elam, 2007).    
 Links to comprehension questions for reading material 
 In-class activities “pushed” out to students and 
solutions “pushed” back to instructor (instructor can 











 Interface that allows students to explore and test ideas, 
come up with their own solutions, and see peers’ 
solutions 
 Interactive activities blended into the lecture 
 Active and hands-on learning activities 
 Chat area: connecting content to students’ lives.  
Encouraging students to apply information to their 
past, present, and future  
Table 8. Continued 
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Teaching Strategies Tablet PC Software Solutions 
Experiential learning 
(continued) 
 Real-life examples  
 Games: where possible, teaching some information in 
‘game’ form, with quick feedback and rewards 
 Evaluating student learning through active experiences 
and/or interactive sharing 
  
Student choices (Sweeney, 
2005). 
 
 Student choices about their learning experience – what 
links to select in the interface 
Portability of information 
(Taylor, 2005). 
 Access to course materials anytime, anyplace 
 All links/information are current. 
 
The “Big Picture” (Duck, 
2005). 
 Key statistical topics arranged in graphical form, with 
links to individual explanations and definitions 
 
Instructor availability (Duck, 
2005) 
 Communication with students through a range of 
media in class (questions “pushed” back and forth 
between instructor and students in class, collaborative 
activities, chats) 
 




 Connecting statistical ideas with other disciplines and 
with the real world 
 Links to statistical topics and questions  
 
Student “ownership” of 
learning (Moreland, 2006).  
 Students select materials they would like to see 
 Links to comprehension questions for reading material 




4.4.2 Instructional Elements 
 
 
There are several instructional elements that were considered in the design of this software.  The 
purpose of this research is not simply to develop another software application that might be used on tablet 
PCs in the classroom but to use educational research to purposely include improved pedagogical design 
criteria into the foundational design of the software.  The pedagogical approach, sequence of lessons, 
content presentation, learning dimension and teaching approach are discussed in this section. 
 
4.4.2.1 Content presentation 
 
 
Content is presented in an interface that incorporates multitask elements into an annotated slide-
based instructional platform.  Students can create annotated notes directly on the slides and they can 
Table 8. Continued 
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complete typed notes in a note area.  Students can use a teacher-moderated chat area to discuss statistical 
issues, the ethics of statistics, and specific course material in class.  Links to course materials are provided 
so that students can freely browse course content.  The links will be specific to each slide.  A bi-
directional sharing of data ensures that students can “submit” in-class deliverables and receive immediate 
teacher feedback as well as feedback from peers.     
       
4.4.2.2 Sequence of lessons 
 
 
Slides are presented in a sequence of lessons that follow the traditional content for a class in 
introductory statistics, but the links and other elements follow a browsing structure, so that students can 
view a variety of course materials whenever they choose.   Additionally, students can browse any of the 
class slides at any time and are not constrained to the slide on which the Professor is lecturing.  
Applications such as Classroom Presenter and DyKnow Vision require that students are on the same page 
as the instructor and make it difficult to join the class late.  Students can join, leave and re-join the lecture 
freely with this design.  Students are able to access course materials outside of class as well. 
 
4.4.2.3 Learning Dimension 
 
 
The Learning dimension of the software is interactive.  Students interact with the professor and 
with one another in the chat area.  Students “submit” annotations to the professor, who provides 
immediate feedback and can selectively show student examples on a public display.  While student and 
instructor annotations are available to students at any time, the use of a public display provides 
encouragement for students to use the annotation feature.  Students were graded on class engagement 
based on slide annotations, notes in the note section and/or chat contributions.  Students have a choice on 
the manner in which they interact with the system but they must demonstrate some engagement for class 
credit.    
    
4.4.2.4 Teaching Approach 
 
 
Different opportunities are provided for students to explore statistical concepts through in-class 
activities.  The students can express their personal ideas and opinions in a teacher-moderated chat area.  
With in-class deliverables, students are encouraged to experiment with ideas and try out different 
solutions to problems.  Through personally annotated class notes, students acquire a sense of ownership 
for their learning.  The class activities are authentic, allowing students to solve problems in complex, 
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realistic environments.  When student have problems, they can receive assistance (through scaffolding) to 
reach goals (Squires D. , 1999).  
 
4.4.3 Structural Elements  
 
 
The following design elements have been included in the original development of the software.   
 
4.4.3.1 Screen layout 
 
 
Instructor slides are at the top-left of the display with the ability for student annotations.  There are 
2 check boxes above the slide area so that students can choose to hide either the professor’s annotations or 
their own (or both).  There is a button to save annotations and notes at the top-center of the display.  On 
the top-right there are two buttons for slide navigation.  There is tabbed area on the bottom left which 
includes a chat area, a student note area (for typed notes) and a tab for instructor notes.  Resource links 
are on the bottom-right side of the screen.  Figure 7, is a screen shot of the student interface with ink 
annotations and some typed student notes. 
 
 
Figure 7: Software Interface 
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4.4.3.2 Menus   
 
 
The software uses few drop-down menus, and instead uses buttons and tabs.  This is consistent 
with the “ribbon” navigation system in Microsoft Office 2007, 2010 and 2011.  The screen is generally 
uncluttered but intuitive.  Resources appear based on the content on the slide so the navigation is dynamic 
rather than static.     
 
4.4.3.3 Color   
 
 
The interface uses the standard Java color scheme to minimize clashes between the slide 
centerpiece and the surrounding options.  The resource links launch in separate windows.  The use of 
colors is designed to draw attention to the slide annotation area or the information presented on resource 
windows.  
 
4.4.3.4 Graphics   
 
 
The primary source of graphics is in the annotated slide area.  The slides used for the statistics 
lectures are replete with graphics to appeal to visual learners and to display difficult to explain statistical 
concepts.  Additional graphics are present in the resource windows when links are clicked on but have not 
been specifically designed for this research.  The pen-based annotation system encourages students to 
create their own graphics and enhance the graphics that were developed for the lecture.  This is 
particularly helpful for graphical concepts and for the presentation of mathematical symbols 
 
 
4.4.4 Programming Language 
 
 
Classroom presenter was programmed using Microsoft Visual Studio due to the tablet pen functions 
embedded into the development environment.  Many of the preliminary software applications developed 
for tablet PCs were designed using Microsoft Visual Studio for the same reasons.  Ubiquitous presenter 
was an outgrowth of University of Washington’s Classroom presenter and was built using PHP.  
Inksurvey, developed by the Colorado School of Mines was developed using PHP and MySql.  Although 
Visual Studio offers many benefits, the proposed software was designed using Java so that it could be run 
on more platforms and to facilitate a future export to Apple’s iOS and to the Android operating system.  
Applications for the iPad (iOS) are developed using objective C.  While considerably different, there are 
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more similarities between Java and objective C than between Visual Basic and objective C.  Android 
applications are developed using Java and XML and therefore the software will be more readily exported 
to Android-based tablets.  Additionally, a developed Java application lends itself to developing web 
applications in the future rather than uniquely developing operating system specific, installed 
applications.  The tablet PC intervention was developed as a Java application (JAR file).  Compatibility 
was tested with Windows XP, Windows Vista, Windows 7, Windows 8 and Mac OS 10.5 - 10.7.  All 
application data (notes, annotations, slides, usernames and passwords) is stored on a MySql database 
located on a web-based server.  The server is located in a data center with back-up power systems.  
Internet access is required to use the software. 
 
 
4.4.5 Programming Considerations 
 
 
Aside from the educational and appearance related considerations of the program design, there were 
some key design features within the code that were purposely implemented to solve previous issues with 
classroom tablet PC applications.  A major complaint of many of the existing tablet software applications 
was the challenge of late joiners and challenges with broadcasting the professor’s annotations.  Some 
networks do not support multicast and other network infrastructures do not support it well.  During the 
pilot experiment, an attempt to use Classroom Presenter was made but due to a lack of multicast support 
on the network at Colorado Christian University, the attempt was unsuccessful.  Ubiquitous Presenter was 
more successful during the pilot experiment but there were still significant time lags in slide updates.  
Preparing slides for use with either Classroom Presenter or Ubiquitous Presenter was quite challenging 
and the file size of the slides was very large (hundreds of megabytes).  As the number of students 
increased the memory requirements of the computer using Classroom Presenter rose considerably and the 
tablet PCs ran out of memory.  This section highlights some of the key programming decisions that were 
made and the rationale for these decisions.  These include the data model, image processing, peer to peer 
communications.  
 
   
4.4.5.1 Data Model 
 
 
The entity relationship model used in the design of this application is presented in figure 8 below.  
Users are linked to courses which contain multiple classes.  Classes have multiple slides and slides have  
 




Figure 8: Database ERD 
 
multiple resources and student ink annotations.  The design facilitates the creation of reports to identify 
the annotations either associated with a particular student, slide, course or class.  The tables and 
relationships were created using MySql and loaded onto an internet server.  The software starts with a 
login screen (figure 9) that authenticates the username and password against the fields in the user table 
before the application fully loads.  Once a user is authenticated, the application loads and users are asked 
to select a course (figure 10).  Users may be enrolled in numerous courses so that the application can be 
used in future semesters without requiring an additional username for each user.  After the user selects a 
course, the user is prompted to select the lecture.  The options to select a course or lecture are available 
through a menu so that users can switch courses or lectures without having to re-authenticate.  Each of 
these steps populates a list by running a Sql statement on the online database.  The navigation buttons and 
the save annotations button also perform Sql calls to the database to save annotations or to load the slides 
and annotations that were previously saved.  None of the data are saved on the machines; data are loaded 
directly from the web server to memory and periodically saved back to the web server.  Avoiding local 
storage of data provides for greater platform flexibility and allows the application to be run on machines 
without being installed. 
 
Figure 9: Login Screen 




Figure 10: Course Selection 
 
Figure 11: Lecture Selection 
 
4.4.5.2 Image Processing 
 
 
  The application has three different layers of images that superimpose.  The slide forms a 
background for annotations by both the professor and the student.  The software allows students to hide 
either their own annotations or the professor’s annotations or both using check boxes near the top of the 
screen.  Slide images are stored in the database as Binary Large Objects (Blobs) and converted to Java 
buffered images in memory.  Professor annotations are created using a separate application and exist as 
Binary Large Objects in the database as well.  The professor annotations are regularly updated (every 
second) during the lecture.  Student annotations are created using a Java Graphics2D object which 
captures the ink annotations based on the location of the mouse on a drawing surface.  The Graphics 2D 
object is converted to a Java buffered image.  The three buffered images (slide, student annotations, and 
professor annotations) are combined and displayed as a background under the drawing surface.  The 
student annotations are kept in memory as a buffered image and then converted to Binary Large Objects 
and written to the database.  The buffered images are stored in an array so that annotations can be undone 
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(this is the equivalent of erasing annotations).  The annotations are only 12 KB in size which does not 
overly tax most school networks.  The professor annotations updated every second which worked very 
well in a class with 20 tablets accessing the system simultaneously. 
  
 
Figure 12: Check Boxes for Making Annotations Visible 
  
4.4.5.3 Peer to Peer Communications  
  
 
Gleeson (2003) argued that a key element of a successful millennial classroom is peer to peer 
collaboration.  Rather than having direct peer to peer communications between devices, the application 
has all communications go through a web based server.  Annotations are written to the server and then 
retrieved either automatically by the students (although they can hide the annotations) or by selection 
when the professor wants to demonstrate a particular student’s annotations to the class.  The chat is run 
through a free online chat service (irc.freenode.net) and the java code handles chat communications 
between the student and professor applications and the irc host.  Avoiding direct network communications 
obviates the need for class members to be on the same subnet or the same network.  This allows students 
to access materials off campus to review materials and notes.  It also allows students to potentially attend 
class through a remote session with a video service such as Skype.  The irc client is always running so 
students can chat outside of class hours as well.    
 
4.4.6 Additional Applications 
 
 
The main program, “Multi-Tasking Educator”, was designed with all of the educational 
considerations listed above; however two additional applications were required to support the use of the 
main application.  A separate application was written for use by the professor with different screen 
elements and design considerations and another application was required to upload slides for use in class.  
The code for all three applications is located in Appendix C.  The two additional applications are 
discussed below. 
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4.4.6.1 Professor Application 
 
 
The application for the professor was designed based on the main student application but with some 
differences.  The professor logs into the application, selects the course and class the same way students do 
but the main screen is a little different.  The professor does not have the ability to hide any annotations 
and only the professor’s annotations appear on the drawing space.  The resources and notes are replaced 
with a pane on the right hand side with all of the student names.  The professor clicks on a student’s name 
to pull up their annotations in a separate window.  The chat window is still located on the bottom so that 
the professor can view the chat (and participate) while teaching.  The slide navigation buttons are on the 
top and in the same position as they are in the student application.  The purpose of the professor 
application is to be able to enhance class collaboration and accentuate the importance of student 
contributions while giving a platform for the professor to create annotations while teaching.  The note 
tabs at the bottom have been removed as the professor notes are made prior to class.  Figure 13 shows a 
screen shot of the professor application.  While a professor can login to the student application, only the 
professor application allows student contributions to be displayed.  Additionally, the professor application 
has fewer features so the display is less cluttered and focuses the viewer on the slide screen or the student 
submission screen when it is called up. 
   
 
Figure 13: Professor Application, Main Screen 
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4.4.6.2 Slide Creation Application  
 
 
Professor notes were loaded directly into the database using “php MyAdmin”, a web based utility 
which allows for data entry directly onto the web server.  Figure 14 displays the entry screen for notes and 
a note from one of the slides.  The images can also be loaded this way but it was more efficient to create a 
batch upload application so that all of the slides could be uploaded at once.  Since the author’s (Kirk) 
slides were used, the PowerPoint slides were converted to a folder of jpeg images using Microsoft’s built 
in image export utility.  An application was created to access a folder of images, convert each one to a 
Blob file and enter load them into the database.  The converted images ranged in size from 25 to 100 KB 
and the java application also created the records so that notes could be entered using the php utility.  The 




Figure 14: Note Entry Utility 
 
4.5 Data Collection 
 
 
Most of the tablet PC literature presents student reported outcomes and improvements rather than 
unbiased measures of learning.  Classroom Presenter was evaluated based on whether students 
appreciated the learning environment and whether they felt it improved learning.  A few studies of 
Classroom Presenter used the improvement on student grades in the class but this measure could be 
biased due to the Hawthorne effect.   Therefore, in order to measure an unbiased change in statistics 
  Research Methodology 
114 
 
content knowledge and the attitude of students towards statistics, data was collected from students in all 
sections of MAT 212 in the fall of 2011 using the Researcher’s 30 question multiple choice questionnaire 
(developed for the Pilot experiment), the CAOS pre and post tests, the instruments to measure Computer 
skills developed by MIT and CCP, the Researcher’s Likert table and Wise’s (1985) ATS (Attitude 
Towards Statistics) survey.  Focus groups were also established based on Leydens, Moskal and Pavelich’s 
(2004) methods used in engineering classes and held every 2-3 weeks for each section.  The qualitative 
data was used to measure student progress towards the goal of improving students’ reported desire to 
learn statistics.  Preliminary data (the two content exams and the ATS survey) was collected the first week 
of class.  Demographic data and the computer skills assessments were collected during the second week 
of class and the final data (the two content exams and the ATS survey) was collected during final exams 
week.  ATS survey results and both content exam results were compared with fall 2010 data.  Figure 15 
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9/8/2011
Focus Group Session 1
9/9/2011
Focus Group Session 2 9/30/2011
Focus Group Session 3
10/21/2011
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Focus Group Session 6
12/14/2011
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Figure 15: Research Timeline 
 
 
4.6 Analysis Methods 
 
 
 The pilot data demonstrated that non-parametric methods such as the Mann-Whitney U and 
Kruskal-Wallis tests yielded similar results to conventional t-tests and ANOVA.  The questionable 
normality of the data suggests that non-parametric tests are preferred for the analysis of the data.  The 
final data was therefore analyzed using both methods.  Data collected in 2011 was compared with the 
baseline data in fall of 2007 and the fall of 2010.  Since the data was collected as pre and post test results, 
the difference between these tests was used in the analysis.  F-tests for the equality of the variance were 
conducted to compare the variability of learning with the tablet application and the baseline data.  
Additionally, the data was grouped according to the demographic and computer skills assessment to 
determine if a preference for computers or ability with computers affects learning using the tablet 
application.  The Likert data regarding student self-reported interests in multitasking was used to 
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determine if the tablet application is more effective for students who define themselves as multitaskers.  
In addition to overall test score comparisons, question level statistics were analyzed to determine whether 
misconceptions have grown or been eliminated as a result of the learning platform.  Delmas (2007) used a 
question-level analysis of the CAOS test to infer aspects of statistics education that were lacking in the 
student population.  A question level analysis of both the CAOS test and the test developed by the 
researcher were used to examine the effectiveness of the learning platform for all of the stated learning 
objectives of an introductory statistics course. 
 
 
4.6.1 Qualitative Methods 
 
 
A mixed-methods approach was used for this study, embedding qualitative methods into a larger 
quantitative study (Leydens, Moskal and Pavelich, 2004).  Quantitative assessments form the basis of the 
research, comparing students’ pre and post results on a test developed by the researcher and on the CAOS 
test developed by Delmas (2007), but in addition to these quantitative methods, qualitative assessments 
were used such as the Attitudes Toward Statistics survey (ATS), the computer skills and demographic 
questionnaire, the community college of Philadelphia computer skills assessment, and the demographic 
and millennial questionnaire.  The study also makes use of focus groups to determine the level of student 
interest in the classroom technology (the tablet PC-based statistics education classroom platform designed 
by the researcher) and to inform classroom instruction.  The focus group used a semi-structured interview 
style.  In this style, “a standard set of questions is followed, but the interviewer has some freedom to 
pursue details when interesting information arises” (Olds, Moskal and Miller, 2005 p. 15). 
     
4.6.2 Focus Groups 
 
 
Focus groups consisting of current statistics students were used in order to garner a range of 
opinion with respect to the use of tablet PC’s in the classroom.  The moderator guided discussion around 
a set of questions, facilitating group conversations and encouraging lively discussion.  According to Cote-
Arsenault (1999), focus group questions should be open-ended and “should logically progress from the 
general to the specific but also allow flexibility for clarification and probing”.  The suggested number of 
questions is twelve, but Cote-Arsenault’s research found that fewer questions were easier to cover in a 90 
to 120 minute session and that participants were able to share more (Côté-Arsenault & Morrison-Beedy, 
1999).   The questions should be addressed to the group as a whole and “natural conversation, including 
new thoughts or ideas, should be allowed and encouraged.  It is important to encourage diversity of 
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comments and opinions among the group.  Phrases such as ‘We find that some women think…’ or ‘What 
has been your experience?’ encourages members with different opinions or experiences to speak out” 
(Côté-Arsenault & Morrison-Beedy, 1999).  There were ten questions for the purposes of this study and 
they were designed to be open-ended, yet specific enough to elicit detailed responses. 
   
The ten questions used in the focus groups were the following: 
 
1. What do you like most about your Statistics class so far? 
2. What do you like least about your Statistics class so far? 
3. How do you feel about learning Statistics? 
4. Have you found that the software is helping you learn Statistics? 
5. What could be improved in the software to help you learn Statistics better? 
6. What could be improved in the course to help you learn Statistics better? 
7.  Do you like multi-tasking (doing more than one task at a time) in the classroom learning 
environment? 
8. Do you like using the Tablet pen for annotating the slides? 
9. Have you gone back to see the notes you posted on the slides for an earlier lecture?  Do you plan 
on doing this later? 
10. Do you prefer using your own computer rather than the classroom Tablets while in class?  Why 
or why not? 
 
On the last focus group session, another question was added.  According to Dawson (1993), adding 
or changing questions is appropriate for most research studies.  The additional question was based on the 
fact that previous focus groups had reported complaints about the speed of the tablet computers.  The 
additional question was: 
 
11. Would you use a faster Tablet Computer if it were available for a class in the future? 
 
According to Cote-Arsenault (1999), focus group membership is ideally achieved through 
purposive sampling, because members can feel more comfortable sharing their views if they have 
something in common with other participants.  For the purpose of this study, participants were drawn 
from the same introductory statistics class at the same university, ensuring some common characteristics.   
The suggested size for focus groups is between 6 and 12 participants, although a smaller size is suggested 
in discussing sensitive issues (Côté-Arsenault & Morrison-Beedy, 1999).  The focus groups for this study 
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varied in size from 3 to 8 participants.  The recommended duration of a focus group is from 90 to 120 
minutes (Powell & Single, 1996).  The sessions for this study generally lasted 90 minutes.   According to 
Powell (1996), “The desirable number of focus group sessions depends upon the nature and complexity of 
the subject under investigation.”  From one to 10 sessions are sufficient for most studies because at some 
point, “the group’s discussion will simply replicate existing data, making further sessions unnecessary.”  
In the case of this study, six sessions were held.  The focus group sessions were held weeks 3, 6, 9, 12 and 
15 (refer to figure 15 presented previously).  For the first session (week 3), the two sections were in 
separate focus groups but the group size was smaller than recommended (3 students each) so a single 
focus group was held for both groups on the remaining weeks.  Students were offered some extra credit to 
attend focus group sessions, however, attendance was voluntary. 
 
The moderator role is critical and sets the general tone of the focus group.  According to Cote-
Arsenault (1999), “The moderator or facilitator should be familiar with group dynamics and 
knowledgeable about the topic under investigation.”  The chief moderator for the focus groups for this 
project had an MA in education, had taken courses on group dynamics, and was familiar with the 
research.  A second moderator was used for some of the focus groups to verify that data from the focus 
groups was unbiased by the moderator.  Neither of these activities was completed by the instructor who is 
the researcher on this study. 
          
4.7 Answering the Research Questions 
 
 
 This dissertation describes the research-based development of a tablet PC software application 
and the subsequent testing of the application in the classroom.  Given the tablet software, data collection 
and statistical analysis presented above, the research questions identified for this dissertation are answered 
as follows: 
1. Does the revised tablet PC learning environment improve student learning in introductory 
statistics when compared to a traditional approach? 
 
This question is answered using a Mann-Whitney U comparison and t-test for two populations 
using the differences between pre and post test results for the CAOS test and the assessment 
instrument developed for this research by the researcher.  CAOS data are only available as a pre and 
post test for 2010 and therefore data collected using the tablet PCs in the fall of 2011 is compared 
with fall 2010 data.  The researcher developed test has pre and post data for all years from 2007-2010 
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and therefore the Mann-Whitney U test is used to compare the 2011 data with all previous semesters.  
The null hypothesis is that there is no difference between the two populations and rejection will yield 
the alternate hypothesis that indeed the developed application improves learning.  Additionally, the F-
test for the equality of means is used to evaluate whether the tablet PC application improves learning 
for a wider proportion of students than the standard lecture. 
 
2. Does the revised tablet PC learning environment improve students’ reported desire to learn 
statistics? 
 
This is primarily evaluated using the focus groups in the fall of 2011.  Additionally, the Attitudes 
Towards Statistics (ATS) test developed by Wise (1985) is used to compare results of the data 
collected from fall 2010 with data collected in Fall 2011 (with the tablet PC application).  The ATS 
test was only administered as a post test in the fall of 2010 but was administered as a pre and post test 
in the fall of 2011.  The post data from 2010 is compared with the post data from 2011.  It is assumed 
that the students in 2010 had similar attitudes before the class was taken to the students in 2011 
before the class was taken. 
 
3. How does a student’s prior experience with technology impact the effectiveness of the proposed 
learning environment? 
 
This is answered by grouping the data using the MIT, CCCP and the Likert data developed by the 
Researcher and then performing both parametric and non-parametric tests to compare results.  
ANOVA, t-tests for two populations, Kruskal-Wallis and Mann-Whitney U tests are used to analyze 
the grouped data. 
 
 
4.8 Human Subjects Approval 
 
 
As this research involves classroom instructional change, the researcher completed the NCI 
Human Participant Protections Education for Research Teams course.  Per Human Subjects testing 
requirements, CCU’s Institutional Review Board (IRB) reviewed this protocol prior to implementation 
and approved the research.  Given this research is considered to be a normal instructional improvement, it 
qualified for exempt status.  In accordance with accepted human subjects testing practices, all students 
were informed of the research, verbally asked for consent to participate and were given the option not to 
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participate.  Student names are excluded from the data set and student numbers are used for identification 
purposes only (so that pre and post test can be compared).   All reported data is presented in aggregate 









RESULTS AND DISCUSSION 
 
 Due to the pilot experiment that preceded this research, data are available over nine different 
semesters spanning four and a half years.  The original baseline data was collected in the fall of 2007 and 
then a second baseline was collected in the fall of 2010.  The experimental data was collected in the fall 
of 2011.  For the purposes of data analysis, experimental data is compared with the two baselines 
although a greater emphasis is placed on comparisons between the fall of 2011 and the fall of 2010 
baseline due to similarities in the student populations and the instructional materials used.  The baseline 
class in 2007 used a different textbook (the primary textbook used in this study had not been published in 
2007), different class slides, and had a significantly different percentage of females (16.7% as compared 
to 59.3% in the fall of 2011) whereas the 2010 baseline used the same textbook, slides, assessment 
materials and had a similar percentage of females (55.4% as compared to 59.3%).  The analysis section of 
this dissertation includes an analysis of statistical content knowledge acquisition, an analysis of student 
attitudes towards statistics and an analysis of how various demographics were impacted by the tablet PC 
instructional environment. 
 
5.1 Statistical Content 
 
 
Statistical content knowledge was assessed using two instruments:  the assessment developed by 
the researcher for the pilot experiment and the CAOS test (Delmas, 2007).  Both assessments were 
administered as pre tests on the first week of class and as post tests during final exam week at the end of 
the semester.  All students in 2010 and 2011 (65 in the fall of 2010 and 54 in the fall of 2011) completed 
both assessments on both administrations. In 2007, all 36 students only completed the researcher test as a 
pre and post test.  The analysis below is separated by assessment test.    
  
5.1.1 Researcher Test 
 
The researcher test was designed to evaluate the key statistical learning goals identified in 
Appendix A by using selected problems from validated sources.  The 30 objective question assessment 
included questions from three validated sources.  All questions were multiple-choice although the number 
of possible responses for each question varies from 3 to 5.        
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5.1.1.1 Global Comparison 
 
 
 Table 9 below contains the descriptive statistics for the test designed by the researcher for fall 
2007, 2010 and 2011.  An * indicates a statistically significant increase in the fall of 2011 based on t-tests 
for the means and F-test for variance.  The results show that the students in the fall of 2011 scored the 
highest in the post test with a 16.74 (55.8%).  The pre test scores were similar for all three semesters.  The 
standard deviation was also higher for the post test and the difference between pre and post test in 2011. 
Table 9: Descriptive Statistics for the Researcher Developed Test 
 
 
To confirm the differences noted in the descriptive statistics, t-tests for the difference in means 
were conducted.  The t-test comparing the difference between the pre and post test for fall 2011 and fall 
2010 resulted in a significant p-value of 0.020 while the t-test comparing the post tests for fall 2011 and 
fall 2010 resulted in a significant p-value of 0.026.  The t-test comparing the pre tests resulted in a p-value 
of .621 which is not significant.  The Mann-Whitney test, however, did not demonstrate a significant 
difference for any comparison between 2010 and 2011 (p=.1776 for the difference between the pre and 
post test, p=.1368 for the post test comparison, and p=.6478 for the pre test).  A goodness of fit test for 
the normality of data indicated that the post test and the difference between the pre and post test were not 
normally distributed (p-value of .0009 for the difference between pre and post data, p-value of 0.0061 for 
the post test) so the t-test comparisons may not be appropriate.  Figure 16 shows a quantile-quantile plot 
of the difference between the pre and post data.  The plot does not indicate normally distributed data.    
While the t-tests indicate an improvement in student performance in the fall of 2011, the non-
parametric tests do not support that the use of the tablet PCs and the multitasking software increased 
student post test scores or the difference between the pre and post test scores.  A chi-square test for the 
equality of variances demonstrated that the variance of post test scores and the variance of the difference 
between the pre and post test scores was substantially higher in 2011 (p = 2.58E-5 for the post test and p 
= 3.96E-6 for the difference between the pre and post test).  This indicates that the increase in post test 
scores was not equally distributed among students which contributed to the non-normality of the data. 
Fall 2007 (n = 36) Fall 2010 (n = 65) Fall 2011 (n = 54)
Post Test Pre Test Difference Post Test Pre Test Difference Post Test Pre Test Difference 
mean 12.83 11.25 1.58 14.85 10.18 4.38 16.74* 10.43 6.31*
sample variance 13.00 13.74 12.02 10.01 7.97 8.74 29.25* 6.93 28.67*
sample standard deviation 3.61 3.71 3.47 3.16 2.82 2.96 5.41* 2.63 5.35*
skewness 0.19 -0.14 0.67 0.45 -0.11 1.09 1.00 -0.17 1.19 
kurtosis -0.19 -0.22 0.97 0.22 -0.48 2.53 0.27 0.14 0.30 
coefficient of variation (CV) 28.10% 32.94% 218.98% 21.31% 27.71% 67.43% 32.31% 25.25% 84.80%




Figure 16: Quantile-Quantile Plot of the Difference between the Pre and Post Test 
 
 Figure 17 displays the distribution of post test scores in the fall of 2011.  The distribution appears 
bimodal with a percentage of students doing very well and the remainder of the class performing a level 
only marginally better than the pre test results.  Figure 18 displays the distribution of pre test results for 
2011 which appears normally distributed.  As with the chi square variance tests, these distributions 
indicate that the tablet PC software improvement may not have impacted students equally. 
  
 














Post Test Score Distribution 2011 




Figure 18: Pre Test Score Distribution 2011 
 
The data for the test developed by the researcher did not provide evidence that the tablet PC 
software statistically improved student content knowledge in statistics when compared with a traditional 
classroom environment due to the non-normal presentation of results.  The data indicates that the 
classroom intervention may have only been beneficial to a subset of the student population.  The 
demographic analysis later in this section examines which groups were most benefited by the use of the 
tablet PC application. 
 
5.1.1.2 Question Analysis 
 
 
 In order to determine whether the tablet PC application resulted in differences in content 
acquisition, a question analysis was performed.  Table 10 displays the question by question analysis of the 
data.  Since the pretest was statistically similar in 2010 and 2011, post test data was used to identify 
questions which displayed significantly different answer rates when the tablet PCs were used.  A 
significantly different post test result was defined as a p-value below 0.0033 based on an alpha of 0.1 and 
corrected using the Bonferroni method to 0.1/30 or 0.0033.  An alpha of 0.1 was used rather than the 
traditional 0.05 due to the conservative nature of the Bonferroni correction.  Only two questions were 
significantly different (numbers 22 and 29) and both were higher in the fall of 2011.  All questions can be 
















Pre Test Score Distribution 2011  
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1 61.1% 33.3% 27.8% 55.4% 25.8% 29.6%           0.266  
2 48.1% 40.7% 7.4% 66.2% 34.8% 31.4%           0.024  
3 88.9% 75.9% 13.0% 85.4% 78.8% 6.6%           0.285  
4 35.2% 22.2% 13.0% 33.1% 15.2% 17.9%           0.405  
5 31.5% 20.4% 11.1% 32.0% 13.6% 18.4%           0.477  
6 33.3% 24.1% 9.2% 33.0% 27.3% 5.7%           0.486  
7 55.6% 33.3% 22.3% 40.2% 31.8% 8.4%           0.048  
8 53.7% 38.9% 14.8% 47.7% 37.9% 9.8%           0.258  
9 81.5% 9.3% 72.2% 77.0% 10.6% 66.4%           0.273  
10 55.6% 20.4% 35.2% 46.0% 21.2% 24.8%           0.149  
11 88.3% 79.6% 8.7% 83.8% 84.8% -1.0%           0.240  
12 48.1% 35.2% 12.9% 46.0% 40.9% 5.1%           0.410  
13 81.5% 53.7% 27.8% 87.7% 75.8% 11.9%           0.178  
14 46.3% 16.7% 29.6% 43.8% 24.2% 19.6%           0.393  
15 53.7% 16.7% 37.0% 61.5% 22.7% 38.8%           0.197  
16 51.9% 11.1% 40.8% 43.2% 18.7% 24.5%           0.173  
17 57.4% 27.8% 29.6% 43.2% 28.8% 14.4%           0.062  
18 31.5% 9.3% 22.2% 23.0% 13.6% 9.4%           0.152  
19 53.7% 40.7% 13.0% 55.2% 50.0% 5.2%           0.435  
20 70.4% 48.1% 22.3% 60.3% 40.9% 19.4%           0.125  
21 42.6% 13.0% 29.6% 26.0% 10.6% 15.4%           0.030  
22 52.8% 37.0% 15.8% 28.0% 28.8% -0.8%  0.003*  
23 48.1% 33.3% 14.8% 45.0% 31.8% 13.2%           0.368  
24 35.2% 22.2% 13.0% 33.0% 19.7% 13.3%           0.401  
25 85.2% 70.4% 14.8% 77.3% 66.7% 10.6%           0.135  
26 57.4% 35.2% 22.2% 48.5% 31.8% 16.7%           0.167  
27 33.3% 22.2% 11.1% 27.5% 19.7% 7.8%           0.248  
28 72.2% 61.1% 11.1% 52.3% 45.1% 7.2%           0.013  
29 66.7% 59.3% 7.4% 41.4% 39.4% 2.0%  0.003*  
30 51.9% 31.5% 20.4% 41.2% 27.3% 13.9%           0.123  
Average 55.8% 34.8% 21.0% 49.5% 33.9% 15.5% 
  
The two questions that were statistically higher in the fall of 2011 required an interpretation of data 
and an understanding of statistical concepts.  Questions 22 and 29 required students to have an 
understanding of statistical theories and concepts.  The answers to these questions are non-numeric. 
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Multitasking research suggests that repetitive or simple tasks might be pushed to the striatum 
during cognitive development (Aratani, 2007).  The analysis of the questions suggests that success rates 
on questions which required simple computation skills or free recall were not improved by the use of 
tablet PCs and performance on this type of question may have even deteriorated.  Srivastava (2013) found 
that error rates on free recall questions increased with multitasking and the results of these questions agree 
with Srivastava’s research.  Success rates on more complex questions which required more steps were 
improved through the use of the tablet PCs.  This may support that tasks which were kept in the 
hippocampus during multitasking benefited from the tablet PC classroom intervention.  Given that results 
were better on complex questions when using the tablet PCs than during a traditional lecture suggests that 
using the striatum for simple calculations may free the hippocampus to process and retain more of the 
complex and conceptual information.   
While the researcher developed test does suggest that the tablet PC application may have improved 
learning, the data also indicates that the improvement was only for a portion of students and that the 
improvement was only seen on the complex and conceptual questions.  These findings are consistent with 
the multitasking research done by Srivastava (2013) and Aratani (2007).   
 
 
5.1.2 CAOS Test 
 
 The CAOS test developed by Delmas (2007) is a validated test to assess outcomes in a first course 
in statistics.  The test consists of 40 multiple choice questions.  While the assessment is completed 
electronically, a copy of all questions may be found in Appendix B.  The validated test is in its fourth 
iteration and has a reported Cronbach’s alpha coefficient of 0.77 for internal validity with a sample size of 
10287 students.  The test is designed to evaluate basic learning outcomes in an introductory statistics 
course.  According to Delmas (2007), 61% of the students who have taken the CAOS test are female 
which is very close to the percentage of females who took the class in the fall of 2011 (59.3%). 
 
5.1.2.1 Global Comparison 
 
 
 Table 11 below contains the data for all students who completed the CAOS test (the CAOS test 
was not used in 2007).  Data from 487 students who completed the 4
th
 iteration of the CAOS test at other 
institutions (provided in the CAOS report) is included for comparative purposes (Delmas, 2007).  The 
data indicates that the post test score average in fall of 2011 was slightly higher than in the fall of 2010 
and that a larger difference existed between the difference of the pre and post test results in the fall of 
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2011 than in the fall of 2010.  Both the fall 2010 and the fall 2011 post test scores are lower than the 
CAOS post test average but the difference between the pre and post was higher for both the fall of 2010 
and the fall of 2011 when compared to the CAOS average.  This is because the pre test scores in the fall 
of 2010 and the fall of 2011 were lower than the pre test average.  Unlike with the researcher developed 
test, the standard deviation and coefficient of variation for the pre test, post test and difference were lower 
in 2011 than in 2010.  




















count 54  54  54  65 65 65 487 487 487 
mean 48.0% 38.8% 9.2% 47.7% 39.3% 8.3% 51.7% 43.3% 7.9% 
sample variance 0.0096  0.0054  0.0102  0.01498 0.0109 0.0196       
sample standard 
deviation 9.8% 7.4% 10.1% 12.2% 10.5% 14.0%       
skewness 0.7610  0.0574  1.9730  0.4588 -0.42 0.3853       
kurtosis 0.4828  1.8282  6.5970  -0.0144 2.3755 -0.254       
coefficient of 
variation (CV) 20.5% 19.0% 110.1% 25.7% 26.6% 167.8%       
  
To verify whether the differences noted in the descriptive statistics were statistically significant, t-
tests were computed as well as the chi-square test for the equality of variances.  None of the t-tests were 
significant.  The p-value for the comparison of the two post tests was 0.858 while the p-value for the 
difference between the pre and post test was 0.707.  The nonparametric Mann-Whitney test also failed to 
demonstrate a significant difference between the fall of 2010 and the fall of 2011.  The only statistically 
significant result was the test for the equality of variances for the difference between pre and post tests.  
The variance was statistically higher in 2010 than 2011 (p=0.009).  Therefore the slight increase in the 
difference between pre and post tests found in 2011 when compared with either the fall 2010 baseline or 
the CAOS data is not statistically significant.  The higher variance found in fall of 2010 suggests the 
opposite of what was found with the researcher developed test.  The CAOS test results suggest that the 
tablet PC application produced similar but less varied results, which is consistent with the pilot data that 
demonstrated that the use of tablet PCs generally reduced variance.  Figure 19 displays the distribution of 
the difference between the pre and post test for 2010.  A significant peak in the distribution exists at 0 
showing no improvement in the class.  There is also evidence of a percentage of students who scored 
lower on the post test and have a negative difference in their score.  Figure 20 displays the distribution of 
the 2011 data.  A significant peak exists between 10% and 15% which suggests that the majority of 
students improved when using the tablet PCs.  The percentage of students who scored lower on the post 
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test is lower in 2011 than in 2010 and their score was not as negative (-5% in 2011 as opposed to -10% 
and -20% in 2010).  There are also two positive outlying columns in the 2011 distribution.  The positive 
outliers suggest that despite the lower variance found in the 2011 CAOS test results, a small group of 
students may have benefited from the tablet PC application significantly more than the average class 
member as was found with the researcher developed test results. 
     
 
Figure 19: 2010 Distribution of the Pre-Post Difference 
 
 
Figure 20: 2011 Distribution of the Pre-Post Difference 
 The global results for the CAOS test indicate virtually no difference between the fall of 2010 
results and the fall 2011 results except for the variance of the difference between the pre and post tests.  
The distributions of the difference between the pre and post tests suggest that more students improved 
when using the tablet PCs.  The difference, however, between the 79.6% who improved when using the 
tablet PC application and the 75.4% who improved with the traditional lecture in the fall of 2010 is not 
statistically significant (p=.582).  The differences between the global results for the test developed by the 
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core knowledge.  An analysis of the success rate on different questions was conducted and compared with 
the success rates found in the CAOS report (Delmas, 2007).  
 
5.1.2.3 Question Analysis 
 
 
 Table 12 presents a question analysis of the CAOS test including the original analysis completed 
by Delmas (2007).  A ** indicates a significant p-value at alpha = 0.05 corrected using the Bonferroni 
method to 0.05/40 = 0.00125 and a * indicates a significant p-value at alpha = 0.10 corrected using the 
Bonferroni method to 0.10/40 = 0.0025.  The table indicates that the difference between the fall 2011 pre 
and post test success rates was statistically higher than the difference in success rates for the CAOS 
population for questions 1, 11, 12, 22, 23, 34, and 39 and statistically lower than the difference in CAOS 
population success rates for questions 14, 19, 29, 31 and 38.  The table also indicates that the difference in 
fall 2011 success rates was higher than the difference in fall 2010 success rates for questions 1, 8, 10, 34, 
and 35 and statistically lower than the difference in fall 2010 success rates for questions 19, 20, 31 and 
33. 


































1 47.1% 60.0% 12.9% 51.9% 81.1% 29.3% 69.0% 72.0% 3.0% 0.023* 0.000** 
2 45.6% 58.5% 12.9% 37.1% 49.0% 11.9% 44.9% 57.3% 12.4% 0.457 0.471 
3 44.1% 58.5% 14.4% 37.0% 51.0% 14.0% 51.3% 67.2% 15.9% 0.487 0.391 
4 33.8% 53.9% 20.1% 31.5% 47.1% 15.6% 45.3% 59.3% 14.0% 0.317 0.408 
5 39.7% 58.5% 18.8% 31.5% 45.3% 13.8% 50.5% 64.3% 13.8% 0.293   
6 20.6% 30.8% 10.2% 12.9% 13.2% 0.3% 13.1% 22.6% 9.5% 0.091 0.027 
7 11.8% 27.7% 15.9% 7.4% 15.1% 7.7% 9.7% 13.5% 3.8% 0.136 0.215 
8 52.9% 43.1% -9.8% 51.8% 62.3% 10.5%       0.014* 0.058 
9 19.1% 4.7% -14.4% 16.6% 11.3% -5.3% 22.2% 22.2% 0.0% 0.036 0.115 
10 11.8% 6.2% -5.6% 7.4% 18.9% 11.5% 18.0% 25.7% 7.7% 0.003* 0.242 
11 60.3% 81.6% 21.3% 77.8% 86.8% 9.0% 85.9% 84.7% -1.2% 0.035 0.016* 
12 80.9% 84.6% 3.7% 79.7% 92.4% 12.8% 84.6% 83.6% -1.0% 0.059 0.000** 
13 55.9% 61.5% 5.6% 66.7% 77.4% 10.7% 59.6% 67.7% 8.1% 0.274 0.326 
14 27.9% 33.8% 5.9% 27.8% 28.3% 0.5% 31.5% 46.5% 15.0% 0.263 0.011* 
15 42.7% 44.6% 1.9% 33.3% 35.8% 2.5% 41.8% 46.4% 4.6% 0.478 0.375 
16 16.1% 30.8% 14.7% 11.1% 22.6% 11.5% 21.7% 29.5% 7.8% 0.351 0.261 
17 42.6% 33.8% -8.8% 31.5% 37.7% 6.2% 40.2% 45.8% 5.6% 0.047 0.464 
18 67.7% 70.8% 3.1% 81.5% 86.8% 5.3% 78.4% 74.6% -3.8% 0.382 0.028 




































19 32.3% 61.5% 29.2% 46.3% 37.7% -8.6% 43.1% 68.2% 25.1% 0.000** 0.000** 
20 79.4% 89.2% 9.8% 94.5% 90.6% -3.9% 87.2% 88.5% 1.3% 0.008* 0.100 
21 58.8% 80.0% 21.2% 59.3% 67.9% 8.7% 71.5% 77.4% 5.9% 0.064 0.332 
22 55.9% 58.5% 2.6% 42.6% 58.5% 15.9% 52.0% 49.4% -2.6% 0.074 0.004* 
23 50.0% 55.4% 5.4% 53.7% 69.8% 16.1% 61.2% 59.9% -1.3% 0.114 0.004* 
24 50.0% 50.8% 0.8% 37.0% 54.7% 17.7%       0.034   
25 42.6% 52.3% 9.7% 48.2% 47.1% -1.0%       0.124   
26 48.6% 66.2% 17.6% 48.1% 52.8% 4.7%       0.078   
27 45.6% 50.8% 5.2% 44.4% 39.6% -4.8%       0.138   
28 25.0% 30.8% 5.8% 24.0% 24.5% 0.5% 48.4% 40.6% -7.8% 0.260 0.083 
29 25.0% 44.6% 19.6% 18.5% 28.3% 9.8% 32.9% 62.8% 29.9% 0.132 0.001** 
30 35.3% 46.2% 10.9% 33.3% 30.2% -3.1% 35.0% 42.2% 7.2% 0.058 0.054 
31 51.4% 67.7% 16.3% 57.4% 58.5% 1.1% 49.2% 74.7% 25.5% 0.047 0.000** 
32 11.8% 18.5% 6.7% 16.7% 24.5% 7.8% 15.7% 19.4% 3.7% 0.443 0.245 
33 41.2% 53.8% 12.6% 40.8% 26.4% -14.3% 42.5% 36.2% -6.3% 0.001** 0.096 
34 61.8% 60.0% -1.8% 37.0% 64.1% 27.1% 53.8% 64.7% 10.9% 0.001** 0.008* 
35 41.2% 24.6% -16.6% 29.6% 30.2% 0.6% 36.2% 43.6% 7.4% 0.021* 0.143 
36 39.7% 38.5% -1.2% 42.6% 33.9% -8.7% 49.6% 47.4% -2.2% 0.199 0.161 
37 17.6% 23.1% 5.5% 11.1% 17.0% 5.9% 22.1% 19.7% -2.4% 0.473 0.056 
38 28.0% 16.9% -11.1% 33.4% 34.0% 0.6% 21.9% 37.1% 15.2% 0.075 0.014* 
39 7.3% 23.1% 15.8% 11.1% 26.4% 15.3% 22.1% 22.3% 0.2% 0.475 0.008* 
40 36.8% 50.8% 14.0% 29.6% 47.2% 17.6% 37.3% 47.6% 10.3% 0.348 0.145 
Avg 40.1% 47.7% 7.5% 38.8% 45.7% 6.8% 44.3% 51.0% 6.7% 
    
The difference between the pre and post test is the best measure of learning as assessed by 
individual questions.  Students demonstrated a greater improvement using the tablet PCs in the fall of 
2011 than the baseline (fall 2010) on 5 out 40 questions (12.5% of the test) and demonstrated a smaller 
improvement than the baseline on 4 out of the 40 questions (10%) suggesting that on an individual 
question basis, students performed slightly better when using the tablet PC application than they did in the 
traditional classroom baseline. The questions that showed improvement between 2010 and 2011 
(questions 1, 8, 10, 34, and 35) all involved the analysis of a statistical distribution in graphical form.  All 
five of these questions required the ability for the student to interpret statistical data and draw 
conclusions.  These are the same types of questions that students scored better on in the researcher 
developed test.  Students did not perform as well on questions 19, 20, 31 and 33.  Question 19 involved 
the basic understanding of what a p-value means for a statistical test and questions 31 and 33 required 
Table 12. Continued 
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rudimentary computations.  As with the researcher developed test, after a semester using the tablet PC 
application, students were better able to solve problems involving graphical and statistical interpretation 
but were not as adept in solving computational problems and free recall questions.  This is consistent with 
Srivastava’s (2013) research involving the use of multitasking while learning. 
 The questions that the students who used the tablet PC application scored better on than the 
CAOS population from Delmas’ study were similar to the ones that they scored better on when compared 
to the fall 2010 students.  The specific questions they scored better on were 1, 11, 12, 22, 23, 34, and 39.  
Questions 22, 23 and 39 all require students to interpret statistical data and decide upon appropriate 
statistical tests.  None of these questions have a numeric answer.  Questions 1 and 34 require graphical 
interpretation.  Therefore students using the tablet PC application scored better than the average of all 
students who have taken the CAOS test on questions that require statistical interpretation.  Students did 
not perform as well when compared to all students who have taken the CAOS test on questions 14, 19, 
29, 31 and 38.  All of these questions require computational skills except for 14.  The comparison to the 
population of CAOS test takers reinforces the idea that the tablet PC application enhanced the ability of 
students to solve questions requiring interpretation and the application of statistical concepts while their 
computation skills were below average.  According to Delmas (2007), the interpretive questions are 
typically the most challenging for students to correctly answer and therefore the tablet PC application 
may have the potential to improve student performance where it has traditionally been weakest. 
While neither test was able to conclusively prove that the tablet PC application improved student 
content knowledge acquisition, the question level analysis suggests that the tablet PC software may 
improve student performance on the most challenging of questions while deteriorating students’ ability to 
perform simple calculations or correctly answer free recall questions.  Srivastava (2013) found that 
multitasking negatively affects success rates on free recall questions and Aratani (2007) suggested that 
this was because of the areas of the brain that were active during multitasking.  The improvement on the 
more complex questions could indicate that multitasking while learning preferentially allocates complex 
thought processes to the hippocampus where content acquisition is highest while assigning simple and 
free recall tasks to the striatum where content acquisition is minimal.  The improvement in some areas 
and decline in others resulted in an inability to discern an overall improvement with the use of the tablet 
PC application.   
The tablet PC represents a possible distraction in the classroom which may have negatively 
impacted student learning.  Additionally, certain students benefited from the tablet PCs to a greater extent 
than others; if the type of student who benefited from the tablet PC application becomes more prevalent in 
society, the application would provide for greater educational gains in the future.     
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5.2 Attitude Towards Statistics 
 
 
 An important consideration in pedagogical design is whether a learning environment is 
appreciated by students.  Drago (2006) stressed that appreciation of the learning environment is vitally 
important to millennials.  Assessing the enjoyment of a learning environment is challenging because it is 
difficult to quantify and it varies considerably between individuals.  In order to evaluate whether the 
tablet PC application improved the enjoyment of the learning environment and student attitudes towards 
statistics, a validated survey was used and focus groups were established and held at regular intervals.  
The survey used was Wise’s Attitudes Towards Statistics survey and the focus groups were semi-
structured with questions aimed at discerning student attitudes about the field of statistics, the specific 
statistics course they were completing and the tablet PC application used in class.  Together, the survey 
and focus groups draw a picture of student attitudes towards statistics, the statistics course the tablet PC 
application which was used and the software application itself. 
 
5.2.1 ATS Survey 
 
The Attitudes Towards Statistics survey (Wise, 1985) uses 29 Likert scale questions with two sub 
scales to evaluate students’ feelings about the field of statistics and the feelings about the current statistics 
course they are completing.  The survey was developed by Wise in 1985 and independently validated by 
Shultz and Koshino in 1998 (Schultz & Koshino, 1998).  There are two subscales, one which indicates a 
student’s perception of the field of statistics (labeled “Stats” in this research) and a second subscale which 
indicates a student’s perception of the statistics course they are taking (labeled “Course” in this research).  
The survey was given to students at the end of the fall 2010 semester to have a baseline after a semester 
of traditional lectures and then it was given to students in the fall 2011 both at the beginning and end of 
the semester to evaluate changes in student attitudes towards statistics.  The end of semester survey in 
2011 was compared with the end of semester survey in 2010 to evaluate whether the tablet PC application 
affected student attitudes towards statistics in a different way than the traditional lecture.  The paired t-test 
for the difference between the pre and post surveys in the fall of 2011 revealed significant improvements 
for both sub scale measurements (the significance level for both tests was below 0.00001).  The t-tests for 
the comparison between the fall of 2010 and the fall of 2011 resulted in a significant drop in the course 
appreciation (significance of 0.001)   while the slight increase in the field subscale was not significant 
(significance of 0.215).   Descriptive statistics for the three survey results are presented in table 13.  
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Count 65  65  54  54  54  54  
Mean 72.40  27.23  74.50  22.91  60.11  15.96  
sample variance 86.87  43.49  81.24  43.52  82.18  29.43  
sample standard 
deviation 9.32  6.59  9.01  6.60  9.07  5.43  
skewness -0.84  -0.33  0.07  -0.60  -1.10  -0.61  
kurtosis 0.41  0.17  -0.19  0.32  2.25  0.24  
coefficient of 
variation (CV) 12.87% 24.22% 12.10% 28.80% 15.08% 33.99% 
The data suggests that there was a significant increase in the appreciation of statistics and the 
statistics course in which the tablet PCs were used over the course of the semester.  According to Wise 
(1985), a neutral score for the course sub scale is a 27 and a neutral score for the field sub score is a 60.  
This indicates that at the beginning of the fall 2011 semester, students were neutral about the field of 
statistics but apprehensive about the statistics course itself.  By the end of the semester they felt positively 
about the field of statistics but they still felt negatively about the statistics course even though there was a 
significant improvement in their attitudes.  Students at the end of the fall 2010 semester were also positive 
about the field of statistics but neutral about the statistics course.  This suggests that the tablet PCs did not 
improve student perceptions of statistics when compared to a traditional lecture and that students felt 
worse about the statistics course after using the tablet PCs than they did after a semester with traditional 
lectures.  This was quite surprising given the positive feelings students had about their class when using 
Classroom Presenter (Anderson, 2003), DyKnow (Berque, 2005) and Ubiquitous Presenter (Wilkerson, 
2005).  None of these research studies used a validated tool to assess student perceptions of the course but 
the results of all three tablet PC platforms revealed significant student appreciation for the learning 
environment. 
    
5.2.2 Focus Groups 
 
Notes completed during focus group sessions are located in Appendix E.  The focus groups were 
originally designed to evaluate the qualitative aspects of this research but they also served to improve 
student perceptions of the course.  Students often commented that they wished that other courses had 
focus groups.  This is consistent with millennial research which suggests that it is very important for 
students to have a voice in their educational environment.  Students were awarded extra class credit for 
attending focus groups as recommended by Dawson (1993).  Focus groups were scheduled for 1 hr and 
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most of the sessions kept to this time precisely.  Focus groups were held on different weekdays and at 
different times so that everyone would have a chance to attend despite schedule conflicts with other 
classes.  A private conference room with twelve chairs and a large conference table was used for all of the 
focus groups sessions.  
By design, the instructor (and researcher) was not present at any of the focus groups so that students 
would feel fewer inhibitions to express concerns with the course.  Two different moderators were used 
and each was provided a list of questions for the focus group (the questions are in the Research 
Methodology Chapter).  As the groups were designed to be semi-structured, students were given the 
opportunity to discuss questions beyond those listed.   
The focus groups revealed that students liked the structure of the class and their perception of the 
course improved throughout the sessions.  Some students said that they liked the fun learning 
environment.   They were nervous when the class started, but their hope grew throughout the class.  The 
students who were more active note takers appeared to like the class more than students who disliked the 
note-taking component.  Most students liked the chat feature and appreciated being able to ask the 
professor questions in written form rather than raising their hand.  Despite the positive attitude expressed 
by some of the students in the focus groups, there were several students who were less enthusiastic.  The 
students who were most antagonistic towards the course were those who, by their own admission, had not 
purchased the textbook and were not completing required reading assignments.  A summation of the 
opinions of students in the focus groups about the statistics course would be that some liked it and others 
did not.  The exact proportion of those who liked the class versus those who did not could not be 
determined by the focus groups. 
In terms of a basic attitude towards the field of statistics, students found that the subject was 
intimidating and hard to understand.  Many students said they did not have the motivation to learn 
statistics and that the subject was tedious and boring.  In later sessions, students felt that their anxiety was 
decreasing and some students even began to enjoy the subject.  Many students began to find that statistics 
were applicable to real life and that statistics were applicable to all majors.  Some students continued to 
hate statistics even to the final focus group session.  It seemed that the students who were more actively 
engaged in class left with a better perception of the subject.   
In terms of the software, students at first did not think that it was helping them to understand 
statistics better.  As the course progressed, however, positive comments about the software increased.  In 
later sessions, students said that the software was helpful to them and that the professor notes were 
especially helpful.  They liked the online quizzes, typing notes and the chat feature.  Students who had 
gone back to review their notes were the most enthusiastic.  Students, however, found that the tablet PCs 
used in the course were old and slow and that more modern tablets such as iPads would have been more 
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successful.  The focus groups revealed a general consensus in favor of the tablet PC application and the 
software in particular.  
At first, students had mixed feelings about the course, the subject and the software, but their 
feelings became increasingly positive as the course continued.  There seemed to be a difference in the 
types of comments made by active learners and those made by students who admitted that they had not 
read the book and/or had not reviewed course notes.   The conclusion that can be made based on the focus 
groups is that the software initiative was successful for motivated students, providing them with needed 
resources and additional avenues to ask questions.  The tablet PC application seemed to be less successful 
for passive learners who did not fulfill basic course requirements and had only registered for the class as a 
degree requirement by their own admission.   
Both the ATS survey results and statements made in the focus groups revealed that students were 
apprehensive about the course but that their attitudes improved throughout the semester.  In the focus 
groups students did indicate that there were aspects of the tablet PC application that they enjoyed.  The 
age of the tablets may have also been a factor in the perception of the course.  Both the ATS and the focus 
groups revealed that student attitudes towards statistics were generally positive by the end of the semester.  
While the ATS comparison between the fall of 2010 and the fall of 2011 did not reveal any statistical 
difference in the field sub scale and the opinion of the course was statistically lower in 2011, the 
qualitative data does suggest that students improved their perception of statistics as a result of the tablet 
PCs.  The focus groups clearly indicate that students found that the field of statistics was more interesting 
as the semester progressed and the final ATS field subscale score was highest in the fall of 2011 (even 
though it was not statistically higher than in 2010).  The qualitative data suggests that students did 
improve their perception of the field and some students indicated that they found the learning 
environment with the tablet PCs to be enjoyable.  The combination of the ATS scores and the focus group 
data, however, suggests that the tablet PC application was not universally well received. 
  Previous tablet research indicated that students felt positive about a tablet mediated classroom.  
Ruth Anderson (2006) and Richard Anderson (2003) both found that Classroom Presenter resulted in 
students who enjoyed class more.  Berque (2005) had similar results using DyKnow vision as did 
Wilkerson (2005) with Ubiquitous Presenter.  All three tablet-PC software platforms were evaluated for 
their effect on student perceptions of the learning environment and found that students enjoyed their 
learning experience with tablets.  None of these research studies compared student perceptions with a 
traditional classroom nor did they evaluate student perceptions at the beginning and end of a course so 
there is no way compare the all of the findings of this study to previous research but the perceptions of the 
tablet mediated class were lower than expected given the findings of other tablet mediated research.   
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5.3 Results Based on Demographics 
 
 Both the researcher designed test and the CAOS test results did not indicate that the tablet PC 
application improved student performance overall when compared to the 2010 baseline.  Similarly, the 
ATS survey did not display a significant improvement in students’ attitudes towards statistics when 
compared to the baseline.  The results did, however, indicate that some students improved when the tablet 
PC application was used.  The focus groups also demonstrated that some students found the application 
enjoyable and they also indicated that they had a greater appreciation for the field of statistics.  It is 
possible that the tablet PC application appealed to a specific subset of students in the class and that the 
demographic data may be able to identify the student population that is best suited for this instructional 
tool.  An analysis of the computer familiarity measures, Likert questions, and gender follows.       
 
5.3.1 Computer Familiarity 
 
 
 Computer familiarity was measured with two University developed surveys and with a set of Likert 
questions developed for this research.  The two surveys have a scoring system based on the number of 
affirmatives while the Likert questions were on a 5-point scale where 1 indicated a “dislike” and 5 is a 
“like”.  Therefore, a statistically significant positive correlation indicates that students with either an 
affinity for computers or with a desire to use computers scored better on the assessment or had a greater 
appreciation for statistics due to the use of the tablet PC application.  The results below are separated by 
the demographic measure used.  
 
5.3.1.1 CCP Computer Familiarity Score  
 
 
 Table 14 below contains the results of the Community College of Philadelphia computer 
familiarity survey.  The survey was designed to assess whether students were prepared for online 
education.  A passing score is 4 or more.  The average of all three semesters is well above a passing score 
and virtually identical (7.75-7.80).  A score of 8 is a perfect score so students in all sections were very 
close to answering all eight questions affirmatively.  Millennial research (Keene & Handrich, 2010) 
indicated a strong affinity for technology and the results of the CCP survey confirm that hypothesis.  The 
only noticeable difference in the three semesters was a drop in the variance in the fall 2011 data.  A chi 
square test for the equality of variances between the fall of 2010 and the fall of 2011 resulted in a 
significance level of 0.0963 which only demonstrated a statistical difference at a 90% confidence level.  
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Given the similarity of the CCP survey data over the three semesters, it was not anticipated that any 
significant correlations would surface. 
 
Table 14: CCP Computer Familiarity Results 
  Fall 2007 Fall 2010 Fall 2011 
Count 36  65  54  
Mean 7.75  7.75  7.80  
sample variance 0.31  0.38  0.24  
sample standard deviation 0.55  0.61  0.49  
skewness -2.20  -2.33  -2.45  
Kurtosis 4.08  3.93  5.47  
coefficient of variation (CV) 7.15% 7.91% 6.29% 
 
 
 Given the non-normal nature of the data and the fact that some of the demographic measures 
employ Likert scales, the non-parametric Spearman correlation coefficient was used.  The CCP survey 
results were correlated with every other measure and there were only two significant correlations.  
Surprisingly, the CCP survey results were negatively correlated with the difference between the pre and 
post test for the researcher developed test (rho = -.292, p = 0.032).  This suggests that students who were 
more familiar with computers improved by less on the researcher developed test than those who were 
slightly less comfortable.  Given that all students were well above the passing score for the CCP survey, it 
is possible that students who were most comfortable with technology were bothered by the age and speed 
of the tablet PCs and thus did not perform as well in the course.  It is also possible that the more 
technologically adept students were distracted by the technology and that it interfered with learning.  The 
other significant correlation was between the CCP survey and the MIT survey (rho = 0.423, p=.001).  
This positive correlation was not surprising since both surveys assess similar competencies. 
 The CCP results suggest that millennial students are as comfortable with technology as the 
research suggests.  The slightly lower variance found in the fall of 2011 may indicate that there are fewer 
students who are not comfortable with technology than there were in previous years.  The negative 
correlation found between the improvement on the researcher test and the CCP survey may suggest that 
skilled computer users were frustrated by the tablets used in this research and that using faster and newer 
machines may have improved the effect of the tablet PC application in the classroom.  This finding may 
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5.3.1.2 MIT Computer Familiarity Score 
 
 
 Table 15 contains the descriptive statistics for all three semesters.  The MIT computer familiarity 
survey has a perfect score of 33 and contains four times as many questions as the CCP survey.  It is 
therefore a little more comprehensive in its measure of student computer familiarity.  The average values 
for all three semesters are very high and well above the 22 recommended by MIT as a passing score.  
There was however a larger difference from a perfect score than there was for the CCP results.  The mean 
score was statistically similar for all three semesters although it was slightly lower in the fall of 2011.  
The variance was also statistically similar for all three semesters although slightly lower in the fall of 
2011.  Both the skew and kurtosis are much lower with the MIT survey than with the CCP survey.  This 
suggests that the MIT survey may reveal clearer relationships than the CCP survey did.  
Table 15: MIT Computer Familiarity Results 
  Fall 2007 Fall 2010 Fall 2011 
Count 36  65  54  
Mean 29.89  29.05  28.70  
sample variance 13.19  13.73  12.36  
sample standard deviation 3.63  3.71  3.52  
Skewness -1.69  -0.96  -0.43  
Kurtosis 2.95  0.20  -0.86  
coefficient of variation (CV) 12.15% 12.76% 12.25% 
 
 As with the CCP survey, the fall 2011 MIT survey results were correlated with all the measures 
using the non-parametric Spearmen correlation coefficient.  As anticipated, there were more statistically 
significant correlations than with the CCP data.  Table 16 contains all the statistically significant 
relationships.  The correlation with the CCP survey was discussed above.  The MIT survey results had 
positive correlations with all of the Likert questions developed by the researcher.  The correlation with the 
internet research question was strongest followed by the correlation with the question that asked students 
whether they liked learning with a computer.  It was anticipated that these questions would correlate 
positively with the MIT survey results.  The lowest correlation was with the student’s desire to 
communicate with a computer.  As with the CCP survey, the MIT survey had a significant negative 
relationship with the difference between the pre and post test for the researcher designed test.  The 
relationship was more statistically significant for the MIT survey than for the CCP survey.  This 
reinforces the idea that students with strong computer skills may have been adversely affected by the use 
of the older and slower tablet PCs or that students with strong computer skills were distracted by the 
learning platform.  Given that both computer familiarity measures demonstrated this relationship, it is 
better supported that the relationship exists.  The most interesting correlation was between the ATS 
   Results and Discussion 
138 
 
course post test and the MIT survey.  A strong positive relationship (rho = 0.408, p = .002) exists between 
student attitudes and computer familiarity.  This indicates that students who were technologically skilled 
enjoyed the course more than those with lower computer skills.  This was anticipated based on the design 
of a technologically intensive classroom intervention with tablet PCs.  
 
 Table 16: MIT Survey Significant Correlations 




















Coefficient -0.331 0.423 0.412 0.336 .254 0.335 0.377 0.487 0.408 
Significance 
(2-tailed) 
.015 .001 .002 .013 .064 .013 .005 .000 .002 
N 54 54 54 54 54 54 54 54 54 
 
  
The MIT survey confirmed the CCP survey result indicating that millennial students have strong 
technological skills. The MIT survey also revealed that students with stronger technological skills enjoyed 
the course more than those with weaker technological skills.  As with the CCP survey, there was a 
surprising negative correlation with the difference between the pre and post test for the researcher 
designed test.  Two possible interpretations for this negative correlation are that students with strong 
technology skills were frustrated by the older technology as predicted by Drago (2006) or that they were 
distracted by the use of technology while learning as predicted by Aretani (2007).  Both the CCP and MIT 
surveys did not indicate that any group learned more with the tablet PC intervention.  However, the 
correlation between the ATS survey and the MIT survey does suggest that the tablet PC application has 
the potential to improve the enjoyment of a statistics course.  Anderson (2003), Berque (2005) and 
Wilkerson (2005) all found that the use of tablet PCs in the classroom improved students’ desire to learn. 
 
5.3.2 Likert Data 
 
 
 The researcher developed six Likert scale questions to further evaluate whether certain subgroups 
were better served by the tablet PC application.  Tables 17, 18 and 19 contain the descriptive statistics for 
the Likert questions for all three years.  All questions have a mean over 4.  This indicates that the majority 
of students agreed with all of the questions.   
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count 36  36  36  36  36  36  
mean 4.33  4.44  4.64  4.64  4.50  4.56  
sample variance 1.09  0.71  0.41  0.47  0.66  0.37  
sample standard 
deviation 1.04  0.84  0.64  0.68  0.81  0.61  
skewness -1.37  -1.33  -2.29  -1.68  -1.53  -1.04  
kurtosis 0.54  0.74  7.00  1.44  1.54  0.15  
coefficient of variation 
(CV) 24.05% 18.97% 13.78% 14.71% 18.01% 13.32% 
 

















count 65  65  65  65  65  65  
mean 4.06  4.28  4.57  4.43  4.52  4.65  
sample variance 1.31  0.73  0.56  0.75  0.60  0.48  
sample standard 
deviation 1.14  0.86  0.75  0.87  0.77  0.69  
skewness -1.22  -0.57  -2.31  -1.87  -1.44  -1.99  
kurtosis 0.72  -1.40  7.18  3.89  1.03  3.37  
coefficient of variation 
(CV) 28.17% 20.04% 16.40% 19.53% 17.08% 14.95% 
 

















count 54  54  54  54  54  54  
mean 4.17  4.20  4.50  4.48  4.24  4.43  
sample variance 0.97  0.92  0.67  0.41  0.94  0.85  
sample standard 
deviation 0.99  0.96  0.82  0.64  0.97  0.92  
skewness -0.96  -0.96  -1.61  -0.84  -0.90  -1.86  
kurtosis 0.40  -0.13  1.83  -0.28  -0.51  3.44  
coefficient of variation 
(CV) 23.66% 22.82% 18.19% 14.21% 22.87% 20.87% 
 
 Non-parametric comparisons for all of the Likert scale questions for all three years revealed no 
statistically significant differences for any of the questions between any of the three semesters.  A t-test 
between all of the questions revealed no significant difference between the years either.  There was, 
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however, a statistically significant difference in the variance for the questions which asked whether 
students like classroom presentations on a computer and whether they like internet research.  For both 
questions, the variance was higher in the fall of 2011 (p = 0.016 for the classroom presentations with a 
computer question and p = 0.041 for the internet research question).  These higher variances suggest that 
the students in the fall of 2011 were more dispersed in terms of their computer preferences than student in 
the fall of 2010 or 2007.  This raises the possibility that the tablet PC application would not have been 
well received by everyone in the class and that the lack of homogeneity may have affected the overall 
comparison between classes. 
 
 Table 20 contains all the significant correlations (using then non-parametric spearman correlation 
coefficient) for the Likert questions. A single * indicates that the relationship is significant at the 0.05 
level without the Bonferroni correction for the Familywise Error Rate (FWER) and a ** indicates that the 
relationship is significant at the 0.05 level with the Bonferroni correction for FWER.  As expected, the 
questions showed many significant relationships between themselves.  They were designed to address 
slightly differing aspects of computer familiarity but with enough overlap that significant and positive 
correlations were anticipated.  None of the questions indicated any significant correlations with either the 
CAOS test or the researcher developed test scores.  There was a correlation between learning with a 
computer and the ATS field post score at a significance level of 0.068.  This suggests that students who 
enjoyed learning with a computer had a better opinion about statistics in general after the class.  The 
relationship is not significant at the 0.05 level or at the .0083 Bonferroni corrected alpha.  Interestingly, 
there is also a significant relationship (without Bonferroni correction) between those who enjoy recreation 
with a computer and the ATS course pre-survey (rho = .303, p = .026).  This suggests that students who 
enjoy using a computer for recreation were looking forward to a course that used tablet PCs for 
instruction.  This relationship was not significant for the ATS course post-survey so the students may 
have become disillusioned with the tablet PCs due to their age.  The final significant relationship was 
between those who enjoy multitasking and the difference between the ATS field pre to post (rho = .363, p 
= .007 which is significant with Bonferroni correction).  This indicates that students who enjoy 
multitasking had a more significant improvement in their attitudes towards statistics than those who did 
not.  This was expected based on the design of a multitasking classroom software application.  The results 
indicate that the classroom platform did succeed in reaching students who enjoy multitasking.   
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Table 20: Correlation Matrix for Likert Questions 
 
 
 The Likert data did not reveal that student learning improved for any specific sub group of 
students.  The questions showed positive relationships with other demographic questions which increases 
the internal reliability of the data.  The Likert data also revealed that students who enjoy recreation on a 
computer were looking forward to the course but their opinion of the course was not statistically different 
from the rest of the class at the end of the semester.  Students who enjoyed learning with a computer had a 
better opinion of the field of statistics at the end of the semester which suggests that the tablet PC 
application helped improve their attitudes towards statistics.  Students who indicated that they like 
multitasking improved the most in their attitude towards the field of statistics as a result of the tablet PC 



























with a Comp 
Spearman 
Rho 1.000 .441
** .468** .389** .480** .366** .250 .228 .201 
Sig. (2-
tailed)   .001 .000 .004 .000 .006 .068 .097 .145 
N 54 54 54 54 54 54 54 54 54 
Recreation  
with a Comp 
Spearman 
Rho .441
** 1.000 .503** .319* .246 .242 .093 .303* -.047 
Sig. (2-
tailed) .001   .000 .019 .073 .078 .503 .026 .738 





** .503** 1.000 .461** .378** .410** .067 .146 .147 
Sig. (2-
tailed) .000 .000   .000 .005 .002 .629 .293 .287 
N 54 54 54 54 54 54 54 54 54 
Multi Task Spearman 
Rho .389
** .319* .461** 1.000 .346* .328* .197 .049 .363** 
Sig. (2-
tailed) .004 .019 .000   .010 .016 .154 .725 .007 





** .246 .378** .346* 1.000 .408** .059 .061 .210 
Sig. (2-
tailed) .000 .073 .005 .010   .002 .673 .663 .127 





** .242 .410** .328* .408** 1.000 -.016 -.198 .108 
Sig. (2-
tailed) .006 .078 .002 .016 .002   .908 .152 .438 
N 54 54 54 54 54 54 54 54 54 
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that a more diverse class was present and that may have contributed to the lack of overall improvement in 
learning.  The demographic questions do suggest that some students were looking forward to using the 




 In order to investigate if females and males responded to the tablet PC application differently, the 
data was analyzed with respect to gender.  The data was examined for all three years and for each 
semester separately.  Males achieved a mean score of 17.05 on the researcher designed post test compared 
to 16.53 for females in the fall of 2011 and males achieved a score of 15.21 as compared to 14.56 in the 
fall of 2010.  On the CAOS post test, in the fall of 2011, males achieved a mean score of 48.1% as 
compared to a mean of 48.0% for females.  In the fall of 2010, males achieved a mean score of 49.0% 
compared to 46.6% for females on the CAOS post test.  While the results were slightly higher for males, 
neither content test exhibited statistically significant differences between males and females (the lowest p 
value was 0.142 for the difference between the pre and post CAOS test).   
 The non-parametric tests revealed that over the three semesters, there were significant differences 
between males and females in several of the questions.  The MIT survey results overall resulted in a mean 
of 27.7 for females and 30.4 for males.  This is a significant difference (p = .0001).  The fall 2011 data 
also revealed a significant difference for the MIT survey results with an average of 27.8 for females and 
30.0 for males (p = 0.014).  The MIT survey was the only significant difference in the data between males 
and females for the fall of 2011.  This indicates that males felt more comfortable with technology than 
females.  This could also be the self-reporting bias found by Busch (1995).  This is important to this 
research as females constituted almost 60% of the class.   
 The other questions that resulted in significant differences between males and females were four of 
the six Likert scale questions and both ATS sub scale post scores.  Table 21 summarizes the differences 
and significance values of the non-parametric tests.  In all cases, males reported values higher than 
females.  According to Busch (1995), females tend to self-report lower on attitudes towards computer 
questionnaires than males.  The fact that a significant score differential was not common to all of the 
questions indicates that females disliked specific items and that the difference was not an artifact of the 
self-reporting bias found in Busch’s research (1995).   
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Table 21: Gender Differences 
GenderMF 


















Mean 27.730 3.959 4.108 4.378 4.257 71.515 23.574 
N 74 74 74 74 74 68 68 
Std. 
Deviation 
3.7936 1.0128 .9590 .7887 .9660 8.6929 6.2493 
M 
Mean 30.395 4.346 4.457 4.605 4.568 75.804 27.529 
N 81 81 81 81 81 51 51 
Std. 
Deviation 
2.9609 1.0858 .7913 .7014 .7235 9.3766 7.1676 
  Significance 0.0001 0.002 0.018 0.041 0.048 0.002 0.002 
 
  
 The results indicate that females did not like learning with a computer, recreation with a computer, 
multitasking, and classroom presentations with a computer as much as males did.  These findings are 
consistent with Bimber’s (2000) research.  A significant difference was found in the ATS field and course 
post surveys.  Females felt positively about statistics (71.5 is 11.5 points higher than neutral) but 
negatively about the course (23.6 is 3.4 points below neutral).  Males felt more positively about statistics 
(75.8) and felt slightly better than neutral (27.5) about the course.  In the fall of 2011 both males and 
females felt negatively about the course (21.8 for females and 24.5 for males) but males were close to 
neutral.  In both the fall of 2010 and 2011, males felt better about the course and the field of statistics than 
females did. 
 While females scored slightly lower than males on both content tests, the difference was not 
statistically significant. There was however a statistically significant difference in females’ feelings 
towards learning with computers, multitasking, recreation on computers, the statistics course, and the 
field of statistics.  The MIT survey results also indicated that females reported having lower computer 
skills than males.  It is important to note that even though females reported significantly lower levels of 
interest in computers and learning with a computer than males, females still reported strong skills with 
computers in the MIT survey and the mean score on all of the Likert scale questions for females indicated 
that they liked learning with a computer and that they liked multitasking.  Also, Busch (1995) found that 
females tend to report lower skills than males on computer questionnaires.  Bimber (2000) found that 
males generally prefer learning with a computer more than females which is consistent with this research. 
 While the content tests did not reveal a significant difference, Gal (2002) found that learning can be 
hampered when students are uncomfortable with the classroom environment.  Females felt negatively 
about the course both at the beginning and the end of the semester and this may have hampered their 
ability to learn with the tablet PC application.      





CONCLUSIONS AND LIMITATIONS 
 
 
 This final chapter of the dissertation addresses the limitations of the research, conclusions 
regarding the three research questions and the qualitative data gathered for this research, instructional 





In order to understand the complete context of the research study, the limitations of the research 
are presented here. 
While the complete study (including Pilot study) spanned seven years, the research was 
conducted at a single University with the same instructor.  The University is a liberal arts college and 
does not have a mathematics or statistics major.  Students were required to complete the course as part of 
the Business major or the Psychology major.  Additionally, Colorado Christian University (CCU) is a 
private institution with higher tuition rates than public or state colleges.  Approximately 60% of CCU 
students are from other states.   The research was completed in a fairly affluent suburban city with student 
demographics reflecting this difference.  This means that the population for which this research is most 
suited is liberal arts colleges with affluent students who are required to complete an introductory statistics 
class for a Business or Psychology major.  Using the same student population improved comparisons 
between groups, but limited the applicability of the findings to other populations.   
Having a single instructor allowed for a better comparison between the classroom interventions 
by reducing the number of variables.  Different instructors may have significantly different responses to 
the use of tablet PCs in the classroom.  Instructors represent a key instructional variable and before the 
wide-spread use of this research, the tablet PC application must be tested with other instructors.    
The University also has a higher than average proportion of females (60%).  Although the CAOS 
data (Delmas, 2007) suggests that this is approximately normal for an introductory class in Statistics, a 
class with a higher proportion of males might respond to the tablet PC application differently. 
The tablet PCs used for the research were quite old by the time the final data was collected in the 
fall of 2011.  The tablets were manufactured in the summer of 2005 and were six years old in 2011.  The 
tablets were loaded with Windows XP which was eight years old when the study was conducted.  While 
  Conclusions and Limitations 
145 
 
the tablets had no difficulty running the tablet PC application, students felt that they were old and 
obsolete.  A newer tablet technology may have impacted students more positively. 
Given the small number of tablets (20), even with multiple sections, the sample size is quite 
small.  This limits the ability of the researcher to conclusively determine many of the relationships in the 
data.  A larger number of tablets in multiple universities with multiple instructors would have allowed for 
a more detailed investigation of the tablet PC application. 
 
6.2 Answering the Research Questions 
 
 
The discussion and results in chapter 5 provide the statistical basis to answer the research 
questions.  The answers to the questions are presented below.  Additionally, conclusions regarding the 
qualitative data are presented in this section.   
 
6.2.1 Answering Research Question 1 
 
 
Research question 1 was:  Does the technology-enhanced tablet PC learning environment 
improve college level student learning in introductory statistics when compared to a non-technology 
based lecture only approach? 
While the t-tests for the post test and the difference between the pre and post test revealed a 
statistically significant improvement in the researcher designed test results between the fall of 2010 and 
the fall of 2011, the lack of normality of the data makes the use of a t-test questionable.  The non-
parametric tests revealed no statistical difference in results for the researcher designed test.  There was no 
statistical difference in the CAOS test results for the post test and the difference between the pre and post 
test between the fall of 2010 and the fall of 2011.  The global comparison of results from either the 2007 
baseline or the 2010 baseline does not suggest that the technology enhanced tablet PC learning 
environment improved student learning. 
Due to the lack of normality in the data and the fact that the t-tests demonstrated an improvement 
but the non-parametric tests did not, a question level analysis was performed for both tests.  The analysis 
indicated that the type of questions students performed better on involved analytic thought and statistical 
or graphical interpretation.  Students in the fall of 2011 did not perform as well when compared with the 
fall of 2010 on questions involving basic recall and computation.  Additionally, the question level 
  Conclusions and Limitations 
146 
 
analysis when compared with results collected from all of the CAOS test takers (Delmas, 2007) revealed 
that students using the tablet PC application in the fall of 2011 did better on the analytic and interpretation 
questions.   
Only the tablet PC study conducted by Berque (2001) attempted to evaluate whether student 
learning had improved through the use of tablet PCs.  In Berque’s study, a comparison was made between 
the final grade of 13 students using a tablet PC and a larger group that had not used tablet PCs the 
semester before.  A small, non-statistically significant, improvement was found but the author 
acknowledges that the sample size was too small and that using a course grade was not an ideal indicator 
of student learning.  The research performed for this dissertation provides the first detailed analysis of 
student learning in a tablet PC mediated classroom.  
Based on the lack of a global improvement as a result of the tablet PC intervention, this question 
must be answered negatively.  The question level analysis, however, suggests that there were 
improvements on the more challenging questions and therefore there are elements of the tablet PC 
application which require further exploration for the purposes of improving student content knowledge in 
introductory statistics classes.  
 
6.2.2 Answering Research Question 2 
 
 
Research question 2 was:  Does the revised tablet PC learning environment improve college level 
students’ reported desire to learn statistics? 
As this question addresses students’ reported desires, this was answered using a qualitative survey 
and focus groups designed to probe students’ learning attitudes.  The Attitudes Towards Statistics survey 
(Wise, 1985) was offered at the end of the fall 2010 semester to serve as a baseline and then both at the 
beginning and end of the fall 2011 semester to measure improvement over the course of the semester in 
student attitudes towards statistics.  Non-parametric comparisons between the pre and post surveys in the 
fall of 2011 clearly demonstrate an improvement in student attitudes towards statistics.  Students left the 
class with a positive opinion of the field of statistics.  While students improved in their perception of the 
course as compared to the beginning of the semester, their perception remained negative according to the 
scale developed by Wise (1985). The comparison with the fall 2010 results did not show a significant 
improvement.  The post survey was slightly higher for the field subscale in the fall of 2011 but the 
difference was not statistically significant.  The post survey for the course subscale however was 
statistically lower in the fall of 2011 than in the fall of 2010 indicating that students enjoyed the course 
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less with the tablet PC learning environment than they did with the traditional lecture.  This finding was 
not consistent with most of the prior tablet PC research done by Anderson (2006), Berque (2005) and 
Wilkerson (2005), all of whom found that students appreciated learning with tablet PCs using a variety of 
software applications.  Edwards and Barnette (2004), however, found that tablet PCs were ineffective and 
that students preferred more powerful computers.  The focus groups did reveal that students found the 
tablet PCs were old and obsolete which may have contributed to the lower appreciation of the tablet PC 
mediated classroom.  
The focus groups also indicated that students’ perceptions of the field of statistics improved 
throughout the semester.  Their perception of the course improved as well but the focus groups revealed a 
high degree of apprehension about the class.  During focus groups sessions students indicated that as the 
semester progressed they were able to see how statistics could be used in their majors and in their daily 
lives.   
The ATS survey and the focus groups support that student perceptions of statistics improved 
throughout the semester.  While the overall ATS post survey field subscale was not statistically higher in 
the fall of 2011 than in the fall of 2010, students who liked multitasking or learning with a computer did 
statistically improve their ATS field subscale scores.  Since there was no survey given to students at the 
beginning of the fall 2010 semester, it is impossible to determine if the tablet PC learning environment 
improved attitudes towards statistics over the course of the semester more than the traditional lecture but 
the tablet PC environment did significantly improve student attitudes towards statistics both according to 
the ATS survey and the focus groups.     
 The results indicate that this question may be answered positively as the data clearly demonstrates 
an improvement in students’ desire to learn statistics.  The negative attitudes towards the course, however, 
and the fact the students who enjoyed multitasking and learning on a computer showed a more significant 
improvement in their attitudes towards statistics bears further investigation. 
 
6.2.3 Answering Research Question 3 
 
 
Research question 3 was:  How does a college student’s prior experience with technology impact 
the effectiveness of the proposed learning environment? 
The demographic analysis presented in chapter 5 indicates that there are some key relationships 
between students’ prior experience with computers and the effectiveness of the proposed learning 
  Conclusions and Limitations 
148 
 
environment.  The only relationship regarding content acquisition indicated that students with strong 
computer skills improved less on the researcher developed test when using the tablet PC application than 
the rest of the students.  This was found with both the MIT survey and CCP survey for computer 
familiarity.  It is possible that the more skilled computer users grew frustrated with the older tablet PCs 
(this was also found in statements made in the focus groups).  Edwards and Barnette (2004) found that 
students would grow frustrated with the slower and older tablet PCs and that they would prefer faster 
machines even if they were not tablet PCs.  It is also possible that the skilled computer users were 
distracted by the multitasking environment.  Newer technology such as iPads or the Microsoft Surface 
would resolve the frustration with the older tablet PCs but may provide an even greater distraction in the 
classroom. 
The analysis also indicated that students with strong computer skills (based on the MIT survey) 
improved their appreciation of the course (based on the ATS course difference between pre and post 
survey) more than students with weak computer skills.  This means that while skilled computer users 
improved less than others in the researcher developed test, they reported enjoying the course more than 
others.  This suggests that while they may have felt that the technology was old and slow, the 
multitasking environment may have provided too great a distraction for them.  The combination of the 
higher ATS course results and the lower difference between the pre and post test scores suggests that 
skilled computer users may have explored too much of the multitasking environment and retained less of 
the information than others.  This was predicted by Aratani (2007) who stated that more seasoned 
multitaskers would not retain as much of the information.  While skilled computer users may have 
enjoyed the course more, it may not have served them well. 
The Likert question analysis revealed that students who enjoy recreation with a computer had a 
higher ATS pre course survey score indicating that they were looking forward to the class more than other 
students but their ATS post survey results did not reveal any significant difference.  Students who enjoy 
learning with a computer and students who like to multitask improved the most on the difference between 
the pre and post ATS survey field subscale.  This was to be expected given the nature of the intervention 
designed for this experiment but it confirms that the tablet PC application appealed to students who enjoy 
learning with a computer and those who like to multitask.  While their performance did not improve on 
either content test, it is important that these two groups of students improved their attitude towards 
statistics as a result of the tablet PC classroom intervention. 
Based on the demographic results, the answer to the question 3 is that students with strong 
computer backgrounds liked the course more and students with an affinity for multitasking or learning 
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with a computer grew to like the field of statistics more as a result of the tablet PC intervention.  The drop 
in content scores for the skilled computer users does suggest that excessive multitasking may be 
detrimental in the learning environment.  
 
6.2.4 Results Based on Gender 
 
 
Although there was no research question specifically related to gender, it is important to 
investigate whether the classroom intervention is equally effective for males and females.  While the 
scores on both content tests were lower for females, the difference was not statistically significant.  The 
statistically significant differences between males and females were in both computer familiarity surveys, 
the ATS course and field subscales and in four of the six Likert scale questions.  Females reported lower 
computer skills on both the MIT and CCP surveys although this is consistent with Busch’s (1995) self-
efficacy theory for females and computer surveys.  While it cannot be determined whether any actual 
computer skill difference exists between males and females, females self-report as being less skilled and 
this may affect their appreciation of a tablet PC classroom intervention.   
 Females also reported lower interest levels than males with respect to learning with a computer, 
recreation with a computer, multitasking, and classroom presentations with computers.  All four of these 
questions relate specifically to the tablet PC application which includes elements of classroom 
presentations with a computer, multitasking and entertaining links during class and requires students to be 
willing to learn with a computer.  This suggests that males liked many of the key elements of the learning 
environment more than females. 
Females also had a more negative attitude towards statistics and a more negative attitude towards 
the course than males according to the ATS survey.  The statistically significant difference in ATS results 
only existed at the end of the class which suggests that females enjoyed the course less and did not come 
to appreciate statistics as much as males.  Even at the end of the course, females had a negative opinion of 
the course when the tablet PCs were used.  The results clearly indicate that females responded less well to 
the tablet PC learning environment. 
The results suggest that females did not like many of the key design elements of tablet PC 
software application as much as males and that this resulted in a reduced appreciation of statistics when 
compared to males.  As a result of these design elements, females disliked the course in which the tablet 
PCs were used at the end of the semester. 
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6.2.5 Conclusion on the Overall Effectiveness of the Tablet PC Application 
 
 
The results indicate that the tablet PC learning environment did not improve knowledge 
acquisition except on questions that involved graphical analysis or the interpretation of statistical data.  
Srivastava (2013) found that multitasking while learning decreases performance on free recall and simple 
calculation questions which is consistent with the findings of this research.  While the tablet PC 
application did improve students’ desire to learn statistics, the results also indicate that the learning 
environment targeted those with the desire to multitask and learn with a computer more than other 
students.  Bimber (2000) found that males prefer learning with a computer more than females and this 
may have contributed to the results of this dissertation, which demonstrated that the tablet PC learning 
environment appealed preferentially to males.  An ideal learning environment appeals to a larger cross 
section of students (Gauthier, 2007) while the results of this research indicate that the tablet PC 
application developed for this research appealed to a small subset of students.   
Millennial research suggested that the number of students who would appreciate this environment 
was higher than what was found in this study.  Oblinger (2003) stated that millennials were skilled 
multitaskers and very proficient with technology.  Chaudhuri and Ghosh (2012) found that millennials 
multitask as a way of life and Whipple (2011) found that millennials view computers as an assumed part 
of life.  Cvancara and Treinen (2007) stated that it was best to include multitasking approaches in 
education when teaching millennials and Emeagwali (2011) found that millennials enjoy technology.  
This research suggests that millennial students should have thoroughly enjoyed a classroom based on 
multitasking with technology.  Horton, Kim, Korenth and Amelink (2011) found that over 85% of 
millennials enjoyed a tablet PC mediated classroom and Anderson (2003) found that a majority of 
students using Classroom Presenter were positive about the learning environment.  Berque (2005) and 
Wilkerson (2005) found that students were very enthusiastic about tablet PC instruction using either 
DyKnow vision or Ubiquitous Presenter.  The abundant research suggesting that students would 
appreciate a multitasking tablet PC classroom proved inaccurate as a majority of students did not 
appreciate the course. 
The most controversial aspect of this research was the inclusion of multitasking elements in the 
software (Zhang & Zhang, 2012).  While multitasking students appreciated the learning environment 
more than others, the lower scores associated with skilled computer users suggest that opponents of 
multitasking were accurate in their assessment of a student’s ability to multitask while learning.  Aratani 
(2007) predicted that multitasking would engage the part of the brain that is ill-suited for learning and that 
a corresponding decrease in performance would result.  Dzubak’s (2008) research demonstrated a drop in 
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the memory of a lecture for all multitasking learners.  Wang and Tchernev (2012), however, suggest that 
the emotional benefits of multitasking may outweigh these negative effects.  The results of this 
dissertation suggest that there are some negative side-effects to multitasking while learning but that these 
side-effects are mitigated for certain learners.  Kraushaar (2010) found that the multitasking content made 
a difference while learning but Gay (2003) found that it did not matter whether multitasking was on-task 
or not and that multitasking invariably reduced academic performance.  The fact that students improved 
on several questions suggests that Kraushaar was correct but that the reduction in success rates on free 
recall and simple calculation questions predicted by Srivastava (2013) was also correct.  It can be 
concluded that multitasking while learning therefore fulfills an emotional need among millennials but that 
its use as an educational tool should be limited due to the negative side effects.  
 
6.3 Instructor’s Experience Using the Tablet PC Application 
 
 
While the analysis of the data above is crucial to answering the research questions, it is also 
essential to consider how the tablet PC application would be received by other instructors.  In order to 
evaluate the potential adoption of this software by other instructors, a brief report of the instructor’s 
perspective of the tablet PC application is included in this section.   
 
6.3.1 Class Preparation 
 
 
 Preparing for lectures with the tablet PC application required significantly more effort than with 
traditional lectures.  The process involved creating slides (as would be done with traditional lectures), 
then the slides would be fitted with a handwritten note annotation section, and then the slides would be 
exported to a folder of images.  The slide importer application was then used to import the folder of 
images into the database.  The instructor then created notes for students on all of the slides and loaded 
resources for each of the slides.  Several hours of preparation time were required for each lecture. 
 The reuse of the slides, notes, and resources reduces the required preparation time in future 
offerings of the same class by the instructor.  Additionally, instructors do not need to prepare auxiliary 
materials for students that they may have prepared when teaching the class with traditional lecture.   
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The investment in preparation time is considerable and poses a significant liability for the 
adoption of this application by other instructors.  Even if the tablet PC application had been incredibly 
successful, the time investment would have limited the number of interested instructors. 
 
6.3.2 Lecturing with the Tablet PC Application 
 
 
 The lecture started with the distribution of the tablet computers to students.  While students grew 
into the habit of picking up a tablet on the way into class, there was still some lost lecture time every class 
period as students logged into the machines and loaded the software.  The application may be better as a 
software application installed onto student owned computers and tablets. 
 Once the software was loaded, it ran smoothly and professor annotations displayed quickly on 
students’ screens.  The student submission process worked flawlessly and students were able to save their 
notes and annotations and view them later.  A “save” button was used instead of AutoSaving student 
submissions so that students would choose when to purposely save their notes.  Students appreciated this 
but some lost work when they forgot to save.   
 The chat worked well but it was difficult for the instructor to participate actively in a chat while 
teaching the class.  The chat become a way for students to submit questions without having to speak (the 
focus groups indicated that students appreciated being able to do this) and for peers to encourage peers.  
Ideally, a teacher’s aide would be able to join the class and respond to students on the threaded discussion 
while the professor teaches the class.   
The tablet PC application required greater multitasking ability from the instructor than from the 
students and made lecturing more challenging.  While the software worked well, the design of the 
learning environment was principally based on student requirements and this made it very challenging for 
the professor.  As a first iteration of the program, the tablet PC application worked well but a little 
redesign is recommended to benefit the instructor in future iterations.   
 
6.4 Future Research 
 
 
While the tablet PC software application and classroom intervention was not successful in 
improving student learning in introductory statistics and the improvement in students’ desire to learn 
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statistics was non-uniform, there were many interesting findings in this study which require further 
investigation. 
The question level analysis suggests that multitasking while learning improves performance on 
analytic and interpretive questions while simultaneously reducing performance on calculation problems.  
This should be investigated further as it may benefit students to have some concepts taught in a 
multitasking classroom environment.   
The skilled computer users performed less well on the content test than the rest of the class.  This 
may be because they multitasked excessively in class.  The multitasking behavior of skilled computer 
users should be investigated further. 
The tablets used in the research were old and employed a significantly older operating system.  
The research should be redone with newer iPads or Android tablets so that students will be excited by the 
technology rather than frustrated by it.  Microsoft Surface tablets (with the full version of Windows 8) 
could also be used as the current software would not require any rework to function on those tablets. 
The student population for this research consisted of students who were required to complete 
statistics for their major.  They were not mathematics or computer science majors.  This classroom 
intervention may be more successful with students with stronger math or computer skills.  Additionally, a 
more motivated student population would benefit to a greater extent from the tablet-PC software. 
There are many subjects that may benefit from a resource rich annotated environment.  A 
research study should be conducted to determine which fields would be ideally suited for this application.  
The learning environment should then be tested in these different fields to determine whether multitasking 
in the classroom has some recommended applications. 
The tablet PC classroom intervention should be updated to a second version based on the findings 
of this research.  The feedback from students in the focus groups and the data analysis provide for 
multiple possible improvements.  Specifically, a new version of the software should include a polling 
feature to draw the class back in periodically and to ensure that students remain on task.  The software 
should also be made to draw students back into the lecture by saving their work whenever the instructor 
progresses to a new slide and then having the new slide show up on all of the students’ machines.  While 
they would still be free to navigate to other slides, every time the instructor moves to a new slide they 
would be brought back into the lecture.  These two changes would result in a guided multi-tasking 
experience so that students are free to explore but are not left completely on their own.  To ensure that 
students do not lose work, Autosave should be implemented as a large frustration for students was the 
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loss of work.  With Autosave, an “Undo” button should be included to allow students to change 
annotations they would prefer not to keep.  Students enjoyed typing notes more than writing on the slides 
but they appreciated the ability to annotate the slides.  The handwritten note section should be removed 
and the typed note section should be made more prominent so that students can annotate the content area 
of the slide and are encouraged to type notes for later reference.  It would also be beneficial if students 
could copy pictures and graphics into the notes section from the references available on each slide.  
Students indicated that a content rich set of notes would be of more value for later referral.  The instructor 
note sections should also be upgraded so that the notes provided for students can include diagrams, 
equations and pictures.  While the chat feature worked well, it is worth exploring allowing access to the 
chat from standard messaging clients so that students can continue in class discussions using cell phones 
after class.   
It would be premature to conclude that multitasking is ineffective based on this study.  An 
improved tablet PC software application with more modern hardware would provide for an optimal venue 
to test multitasking theory more thoroughly.   
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Learning Goals for Students in Introductory Statistics Courses 
 
1. Understand the purpose and logic of statistical investigations.  Students should understand why 
statistical studies are conducted.  They should have an understanding of the following ‘Big ideas’:  
The existence of variation in the world; the need to describe populations through data collection; 
the need to condense raw data into summaries and graphical displays; the need to study samples 
of a population and to infer from samples to that larger population; the existence of error in 
measuring and sampling and finding ways to estimate and control errors; and how to logically 
determine causality rather than simple correlations.   
2. Understand the process of statistical investigations.  Students should be familiar with the phases 
of a statistical inquiry.  These are:  Formulate a question; plan the study (overall design, 
sampling, and choice of measurement tools); collect and organize data; display, explore, and 
analyze data; interpret findings in light of the research question; discuss conclusions and 
implications of the results and identify questions for further study.   
3. Master important procedural skills.  Students should be able to accurately perform the 
“component skills” of a statistical investigation:  They should to be able to organize data, 
compute indices such as the median, average and confidence interval, and construct tables, 
graphs, plots, and charts using a variety of means.     
4. Understand probability and chance.  Students should have an understanding of the key ideas 
associated with chance concepts:  They should recognize terms pertaining to chance, uncertainty, 
and probability that appear in the world and in the media; they should understand probabilistic 
processes in order to better understand the likelihood of events in the world and in the media; 
they should understand that probability is a measure of uncertainty; they should understand that 
developing models to simulate events is a helpful way to generate data to estimate probabilities; 
they should know that intuition can be incorrect and lead to wrong conclusions about probability 
and chance events.   
5. Develop interpretive skills and statistical literacy.  Students should be able to make sense of 
published results from studies and surveys.  They should be able to ask critical and reflective 
questions about the results (e.g., How reliable are the measurements used?  How representative 
was the sample?  Are the claims being made sensible in light of the data and sample?).   
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6. Develop the ability to communicate statistically.  Students should be able to use statistical and 
probabilistic terminology properly and convey results in a convincing way.  They should be able 
to construct logical arguments based on data.   
7. Develop useful statistical dispositions.  Students should be able to appreciate the chance and 
randomness in the world.  They should understand the merits of statistical methods and planned 
experiments as tools for making personal, social, and business decisions in the face of 
uncertainty; and they should adopt a questioning stance whenever they are faced with arguments 
that claim to be based on data. 
 
 Rumsey (1998) outlines a list of six general topics that should be introduced and periodically 
stressed throughout introductory statistics courses.  These topics are chosen by teachers.  They are:  
 
1. Awareness of statistics.  How statistics are presented on a daily basis.  Finding examples of the 
uses and misuses of statistics.   
2. Variation.  Accounting for variability, measuring it, and finding ways to reduce it.  Understanding 
the role of probability in variation.   
3. Sampling.  Collecting sample data.  Understanding sampling distributions, margin of error, and 
the Central Limit Theorem.   
4. The decision-making process.  Creating and implementing a scientific experiment in order to 
make a decision.  Understanding the role of statistics in the scientific process.   
5. Scientific investigation.  Knowing what questions to ask and how to collect data (sampling, 
experimental design).  Knowing how to draw conclusions that are supported by data.   
6. Correlation and cause-and-effect.  Knowing how to look at relationships between variables.  
What can and cannot be determined from the data.   





Assessment instruments used in this research are included below: 
Researcher Developed Test 
 
Student #_________________ 
Introductory Statistics Core Knowledge Assessment 
 
Please circle the letter of the best answer for each question.  Only circle 1 answer per question. 
 
1)  What measure of central tendency is most sensitive to skewness?  
  A) Mode  
  B) Median  
  C) Mean  
  D) They are all about the same  
  E) Median and Mean 
 
2)  The time for students to complete a standardized placement exam given to college 
freshman has a normal distribution with a mean of 62 minutes and a standard deviation of 8 
minutes. If students are given one hour to complete the exam, the proportion of students who 
will complete the exam is about  
  A) 0.25 
  B) 0.40 
  C) 0.60 
  D) 0.75 
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3)  A 100 question multiple-choice test has 4 choices for each question. If a student selects all 
choices randomly, how many correct answers could the student expect?  
  A) 4  
  B) 8  
  C) 25  
  D) 40 
 
4)  A box has 20 screws, three of which are known to be defective. What is the probability that 
the first two screws taken out of the box are both defective?  
  A) 0.0158  
  B) 0.15  
  C) 0.0237  
  D) 0.0225  
  E) none of the above 
 
5)  A researcher examines data from all cities with populations over 100,000 in the United 
States. He notices that those cities that have a major league baseball team tend to have a 
greater number of divorces than other cities. One can reasonably conclude that  
   
  A) the presence of a major league baseball team contributes to divorce. Men spend time at 
the ballpark at the expense of their marriage. 
  B) this correlation cannot be explained and is probably accidental. Cities with major league 
baseball teams should have no more divorces than other cities. 
  C) Living in a large city contributes to divorce. 
  D) none of the above. 
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6)  Each of the following statements is true for all probability curves for random variable x  
EXCEPT:  
  A) The area under the curve is 1.  
  B) The highest point on the curve occurs at the average.  
  C) The curve does not cross the x-axis.  
  D) The probability that x is between a and b is equal to the area of the region bounded by the 
curve, the x-axis, and the lines x = a and x — b. 
 
7)  When two fair six-sided die are tossed, what is the probability of getting a sum greater than 
6?  
  A) 1/2  
  B) 1/6  
  C) 7/12  
  D) 13/18  
  E) 5/18 
 
8)  The administration at a large state university is interested in getting the opinions of students 
on a proposed instructional fee for use of computer labs on campus. They select a simple 
random sample of 50 freshman, a simple random sample of 50 sophomores, 50 juniors, and 50 
seniors. This is an example of:  
  A) a systematic sample. 
  B) a stratified random sample. 
  C) a simple random sample. 
 
9)  Which of the following could NOT be the value of a correlation coefficient?  
  A) -1  
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  B) 0  
  C) I  
  D) 2 
 
10)  A normal random variable has a distribution that is:  
  A) always symmetric  
  B) never symmetric  
  C) sometimes symmetric  
  D) symmetric if the mean is positive  
  E) symmetric if the variance is negative 
 
11)  Students at University X must be in one of the class ranks, Freshman, Sophomore, Junior, or 
Senior. At University X, 35% of the students are Freshmen and 30% are Sophomores. If a 
student is selected at random, the probability he or she is either a Junior or a Senior is:  
  A) 35% 
  B) 65% 
  C) 70% 
 
12)  The average and SD of a set of 50 scores are 30 and 7, respectively. If each of these scores 
is increased by 10, then which of the following is true for the new set of scores?  
  A) The average is 60.  
  B) The average is 40.  
  C) The SD is 17.  
  D) The SD is 7.2. 
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13)  A poll of 1,500 registered voters is taken. Of these, 600 say they will vote for candidate 
Smith. Compute a point estimate for the proportion of the population who will vote for this 
candidate.  
   A) 0.60  
   B) 0.04  
   C) 0.40  
   D) 0.36  
   E) none of the above 
 
14)  Incomes in a certain town are strongly right skewed with mean $36000 and standard deviation 
$7000. A random sample of 75 households is taken. What is the standard deviation of the sample mean?  
   A) $808.29 
   B) $93.33 
   C) $7000 
 
15) A bag contains 15 marbles, of which 8 are red, 5 are blue, and 2 are white. Two marbles are drawn 
randomly from the bag one after the other, without replacement. What is the probability that both 
marbles are red?  
  A) 4/15  
  B) 64/225  
  C) 32/105  
  D) 8/15 
 
16) When the sample size increases, everything else remaining the same, the width of a confidence 
interval for a population parameter will:  
  A) increase  
  B) decrease  
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  C) remain unchanged  
  D) sometimes increase and sometimes decrease  
  E) impossible to tell 
 
17) A student wanted to estimate the number of chocolate chips in a commercial brand of cookie. He 
sampled 100 cookies and found an average of 10.5 chips per cookie. If we assume the standard 
deviation is 8, what is a 99% confidence interval for the average number of chips per cookie?  
   A) (8.4, 12.6) 
   B) (8.9, 12.1) 
   C) (5.3, 10.7) 
 
 
18)  If the figure above is a probability histogram, what is the probability that X is greater than or equal 
to 1/2?  
  A) 1/4  
  B) 1/2  
  C) 5/8   
  D) 3/4 
 
19)  A manufacturer claims that his tires last at least 40,000 miles. A test on 25 tires reveals that the 
mean life of a tire is 39,750 miles, with a standard deviation of 387 miles. Compute the test statistic.  
  A) t = -0.65  
  B) t = 3.23  
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  C) t = -3.23  
  D) t = 0.65  
  E) none of the above 
 
20) A researcher wanted to know if the content of television programs has an impact on viewer's recall 
of ad content. He randomly assigned 18 people to view a program with violent content, and 20 people 
to view a program with neutral content. The same 9 commercials were inserted into each program. 
After viewing the program, the subjects were asked to recall the brands advertised in the commercials. 
The average number of brands recalled for those who saw the violent program was 3.77 with standard 
deviation 1.87. The average number of brands recalled for those who saw the neutral program was 4.65 
with standard deviation 1.67. The t* multiplier for a 95% confidence interval using the conservative 
degrees of freedom is  
   A) 2.021 
   B) 2.110 
   C) 2.093 
 
21) Which of the following pairs of parameters is sufficient to define a specific normal curve?  
  A) The average and the standard deviation  
  B) The range and the standard deviation  
  C) The average and the Chi-Square value  
  D) The standard deviation and the Chi-Square value 
 
22) To test whether or not two population variances are equal, the appropriate distribution is:  
  A) z distribution  
  B) chi-square distribution  
  C) F distribution  
  D) t distribution with n1 + n2 - 2 degrees of freedom  
  E) none of the above 
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23) Drug sniffing dogs must be 95% accurate. A new dog is being tested and is right in 46 of 50 trials. 
Find a 95% confidence interval for the proportion of times the dog will be correct.  
   A) (0.845, 0.995) 
   B) (0.805, 0.973) 
   C) (0.819, 0.959) 
 
24) A random sample of 100 values of x is taken from a distribution whose SD is k. What will be the 
approximate value of the standard error of the average of x?  
  A) 0.01k  
  B) 0.1k  
  C) 0.5k  
  D) k 
 
25) In an ANOVA, we find that the p-value is 0.003. We therefore conclude that:  
  A) there is no statistical evidence that any population mean is different from any other  
  B) no two population means are equal  
  C) no two variances are equal  
  D) the null hypothesis should be accepted  
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26) In the table below we examine the relationship between final grade and the reported hours per 
week each student said they studied for the course.  
 
According to the table, the probability that a random student both earned a C and studied between 5 
and 10 hours per week is  
   A) 15/64 
   B) 5/64 
   C) 23/64 
 
27) If H0 is the null hypothesis and P is the observed (computed) significance level, then  
  A) “small” values of P are evidence for H0  
  B) “small” values of P are evidence against H0  
  C) “small” values of P give no information for or against H0  
  D) a rejected H0 “corresponds to a negative value of P” 
 
28) The measure of how well the regression line fits the data is the:  
  A) coefficient of determination  
  B) slope of the regression line  
  C) mean square error  
  D) standard error of the regression coefficient  
  E) s(b0) 
 
29) At what age do babies learn to crawl? Does it take longer to learn in the winter when babies are 
often bundled in clothes that restrict their movement? Data were collected at the University of Denver 
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Infant Study Center, where parents and their babies participated in one of a number of experiments 
between 1988 and 1991. Parents reported the age (in weeks) at which their child was first able to creep 
or crawl a distance of four feet within one minute. The researchers also recorded the average outdoor 
temperature (in °F) six months after each baby's birthdate. The resulting data were grouped by month of 
birth, all data for babies born in a given month averaged together and the correlation r computed. The 
researchers found r = 0.7. It would be correct to conclude which of the following?  
 
   A) In a simple linear regression using the average age at which all babies born in a given month begin 
to crawl as the response, and the average outdoor temperature six months later as the explanatory 
variable, the proportion of the variation in the response explained by the explanatory variable is 0.49. 
  
  B) If we had used the data for each baby rather than averaging all the data for babies that were born in 
the same month, it is likely that the resulting r 2 would be smaller than 0.49. 
  
  C) Both of the above. 
 
30) A balanced die is rolled 4 times. What is the probability that a six will NOT appear on any roll?  
  A) (5/6)4  
  B) 6 (5/6) 4  
  C) 5/6   
  D) 1-(1/6) 4 
 




The following graph shows a distribution of hours slept last night by a group of college 
students.  
 
1.  Select the statement below that gives the most complete description of the graph in 
a way that demonstrates an understanding of how to statistically describe and interpret the 
distribution of a variable.  
a.  The bars go from 3 to 10, increasing in height to 7, then decreasing to 10. 
The tallest bar is at 7. There is a gap between three and five.  
 
b.  The distribution is normal, with a mean of about 7 and a standard deviation 
of about 1.  
 
c.  Most students seem to be getting enough sleep at night, but some students 
slept more and some slept less. However, one student must have stayed up very late 
and got very few hours of sleep.  
 
d.  The distribution of hours of sleep is somewhat symmetric and bell-shaped, 
with an outlier at 3. The typical amount of sleep is about 7 hours and overall range is7 
hours.  




2. Which box plot seems to be graphing the same data as the histogram in question 1?  
a. Boxplot A.  
 
b. Boxplot B.  
 
c. Boxplot C.  
 






Items 3 to 5 refer to the following situation: 
Four histograms are displayed below. For each item, match the description to the 
appropriate histogram.  
 
3.  A distribution for a set of quiz scores where the quiz was very easy is represented by:  
 Histogram I.  
 Histogram II.  
 Histogram III.  
 Histogram IV.  
4.  A distribution for a set of wrist circumferences (measured in centimeters) taken 
from the right wrist of a random sample of newborn female infants is represented by:  
 Histogram I.  
 Histogram II.  
 Histogram III.  
 Histogram IV.  
5.  A distribution for the last digit of phone numbers sampled from a phone book (i.e., for 
the phone number 968-9667, the last digit, 7, would be selected) is represented by:  
 Histogram I.  
 Histogram II.  
 Histogram III.  
 Histogram IV.  





6.  A baseball fan likes to keep track of statistics for the local high school baseball team. 
One of the statistics she recorded is the proportion of hits obtained by each player based on 
the number of times at bat as shown in the table below. Which of the following graphs gives 
the best display of the distribution of proportion of hits in that it allows the baseball fan to 
describe the shape, center and spread of the variable, proportion of hits?  
Proportion 
Player  of hits 
 BC  0.301 
 AA  0.143 
 HK  0.341 
 RS  0.261 
 CR  0.115 





of hits  
BH  0.305 
 HA  0.229 
 JS  0.281 
 TC  0.097 
 MM  0.167 
 GV  0.333 





of hits  
SU  0.270 
 DH  0.136 
 TO  0.218 
 RL  0.267 
 JB  0.270 
 WG  0.054 
 MH  0.108  
 







7.  A recent research study randomly divided participants into groups who were given 
different levels of Vitamin E to take daily. One group received only a placebo pill. The 
research study followed the participants for eight years to see how many developed a 
particular type of cancer during that time period. Which of the following responses gives the 
best explanation as to the purpose of randomization in this study?  
 To increase the accuracy of the research results.  
 To ensure that all potential cancer patients had an equal chance of 
being selected for the study.  
 To reduce the amount of sampling error.  
 To produce treatment groups with similar characteristics.  
 To prevent skewness in the results.  
Items 8 to 10 refer to the following situation: 
The two boxplots below display final exam scores for all students in two different 
sections of the same course.  
 8.  Which section would you expect to have a greater standard deviation in exam scores?  
 Section A.  
 Section B.  
 Both sections are about equal.  
 It is impossible to tell.  
9.  Which data set has a greater percentage of students with scores at or below 30?  
 Section A.  
 Section B.  
 Both sections are about equal.  
 It is impossible to tell.  
10. Which section has a greater percentage of students with scores at or above 80?  
 Section A.  
 Section B.  
 Both sections are about equal.  






Items 11 to 13 refer to the following situation: 
A drug company developed a new formula for their headache medication. To test the 
effectiveness of this new formula, 250 people were randomly selected from a larger 
population of patients with headaches. 100 of these people were randomly assigned to receive 
the new formula medication when they had a headache, and the other 150 people received the 
old formula medication. The time it took, in minutes, for each patient to no longer have a 
headache was recorded. The results from both of these clinical trials are shown below. Items 
11, 12, and 13 present statements made by three different statistics students. For each 
statement, indicate whether you think the student’s conclusion is valid.  
 
11.  The old formula works better. Two people who took the old formula felt relief in less 
than 20 minutes, compared to none who took the new formula. Also, the worst result - near 
120 minutes - was with the new formula.  
 Valid.  
 Not valid.  
12.  The average time for the new formula to relieve a headache is lower than the 
average time for the old formula. I would conclude that people taking the new formula 
will tend to feel relief about 20 minutes sooner than those taking the old formula.  
 Valid.  
 Not valid.  
13.  I would not conclude anything from these data. The number of patients in the two 
groups is not the same so there is no fair way to compare the two formulas.  
 Valid.  
 Not valid.  







Five histograms are presented below. Each histogram displays test scores on a scale of 0 to 
10 for one of five different statistics classes.  






14.  Which of the classes would you expect to have the lowest standard deviation, and 
why?  
 Class A, because it has the most values close to the mean.  
 Class B, because it has the smallest number of distinct scores.  
 Class C, because there is no change in scores.  
 Class A and Class D, because they both have the smallest range.  
 Class E, because it looks the most normal.  






15.  Which of the classes would you expect to have the highest standard deviation, and 
why?  
 Class A, because it has the largest difference between the heights of the bars.  
 Class B, because more of its scores are far from the mean.  
 Class C, because it has the largest number of different scores.  
 Class D, because the distribution is very bumpy and irregular.  
 Class E, because it has a large range and looks normal.  
16.  A certain manufacturer claims that they produce 50% brown candies. Sam plans to 
buy a large family size bag of these candies and Kerry plans to buy a small fun size bag. 
Which bag is more likely to have more than 70% brown candies?  
 Sam, because there are more candies, so his bag can have more brown candies.  
 Sam, because there is more variability in the proportion of browns among 
larger samples.  
 Kerry, because there is more variability in the proportion of browns among 
smaller samples.  
 Kerry, because most small bags will have more than 50% brown candies.  
 Both have the same chance because they are both random samples.  
17.  Imagine you have a barrel that contains thousands of candies with several different 
colors. We know that the manufacturer produces 35% yellow candies. Five students each 
take a random sample of 20 candies, one at a time, and record the percentage of yellow 
candies in their sample. Which sequence below is the most plausible for the percent of 
yellow candies obtained in these five samples?  
 30%, 35%, 15%, 40%, 50%.  
 35%, 35%, 35%, 35%, 35%.  
 5%, 60%, 10%, 50%, 95%.  
 Any of the above.  





18.  Jean lives about 10 miles from the college where she plans to attend a 10-
weeksummer class. There are two main routes she can take to the school, one through the 
city and one through the countryside. The city route is shorter in miles, but has more 
stoplights. The country route is longer in miles, but has only a few stop signs and stoplights. 
Jean sets up a randomized experiment where each day she tosses a coin to decide which 
route to take that day. She records the following data for 5days of travel on each route.  
Country Route -17, 15, 17, 16, 18  
City Route -18, 13, 20, 10, 16  
It is important to Jean to arrive on time for her classes, but she does not want to 
arrive too early because that would increase her parking fees. Based on the data 
gathered, which route would you advise her to choose?  
 The Country Route, because the times are consistently between 15 and 
18minutes.  
 The City Route, because she can get there in 10 minutes on a good day and 
the average time is less than for the Country Route.  
 Because the times on the two routes have so much overlap, neither route is 
better than the other. She might as well flip a coin.  
19.  A graduate student is designing a research study. She is hoping to show that the 
results of an experiment are statistically significant. What type of p-value would she want to 
obtain?  
 A large p-value.  
 A small p-value.  
 The magnitude of a p-value has no impact on statistical significance.  




20.  Bone density is typically measured as a standardized score with a mean of 0 and a 
standard deviation of 1. Lower scores correspond to lower bone density. Which of the 
following graphs shows that as women grow older they tend to have lower bone density?  
 
 Graph A.  
 Graph B.  
 Graph C.  





21.  The following scatterplot shows the relationship between scores on an anxiety scale 
and an achievement test for science. Choose the best interpretation of the relationship 
between anxiety level and science achievement based on the scatterplot.  
 
 This graph shows a strong negative linear relationship between anxiety 
and achievement in science.  
 This graph shows a moderate linear relationship between anxiety and 
achievement in science.  
 This graph shows very little, if any, linear relationship between anxiety 
and achievement in science.  
22.  Researchers surveyed 1,000 randomly selected adults in the U.S. A statistically 
significant, strong positive correlation was found between income level and the number of 
containers of recycling they typically collect in a week. Please select the best interpretation of 
this result.  
 We cannot conclude whether earning more money causes more recycling 
among U.S. adults because this type of design does not allow us to infer causation.  
 This sample is too small to draw any conclusions about the relationship 
between income level and amount of recycling for adults in the U.S.  
 This result indicates that earning more money influences people to recycle 
more than people who earn less money.  





Items 23 and 24 refer to the following situation: 
A researcher in environmental science is conducting a study to investigate the impact of a 
particular herbicide on fish. He has 60 healthy fish and randomly assigns each fish to either a 
treatment or a control group. The fish in the treatment group showed higher levels of the 
indicator enzyme.  
23.  Suppose a test of significance was correctly conducted and showed no statistically 
significant difference in average enzyme level between the fish that were exposed to the 
herbicide and those that were not. What conclusion can the graduate student draw from 
these results?  
 The researcher must not be interpreting the results correctly; there should be a 
significant difference.  
 The sample size may be too small to detect a statistically significant difference.  
 It must be true that the herbicide does not cause higher levels of the enzyme.  
24.  Suppose a test of significance was correctly conducted and showed a statistically 
significant difference in average enzyme level between the fish that were exposed to the 
herbicide and those that were not. What conclusion can the graduate student draw from 
these results?  
 There is evidence of association, but no causal effect of herbicide on enzyme 
levels.  
 The sample size is too small to draw a valid conclusion.  
 He has proven that the herbicide causes higher levels of the enzyme.  
 There is evidence that the herbicide causes higher levels of the enzyme for 
these fish.  










Items 25 to 27 refer to the following situation: 
A research article reports the results of a new drug test. The drug is to be used to decrease 
vision loss in people with Macular Degeneration. The article gives a p-value of .04 in the 
analysis section. Items 25, 26, and 27 present three different interpretations of this p-value. 
Indicate if each interpretation is valid or invalid.  
25.  The probability of getting results as extreme as or more extreme than the ones in 
this study if the drug is actually not effective.  
 Valid.  
 Invalid.  
26.  The probability that the drug is not effective. 
 Valid.  
 Invalid.  
27.  The probability that the drug is effective.  
 Valid.  
 Invalid.  
Items 28 to 31 refer to the following situation: 
A high school statistics class wants to estimate the average number of chocolate chips in a 
generic brand of chocolate chip cookies. They collect a random sample of cookies, count 
the chips in each cookie, and calculate a 95% confidence interval for the average number of 
chips per cookie (18.6 to 21.3). Items 28, 29, and 30 present four different interpretations of 
these results. Indicate if each interpretation is valid or invalid.  
28.  We are 95% certain that each cookie for this brand has approximately 18.6 to 
21.3chocolate chips.  
 Valid.  
 Invalid.  
29.  We expect 95% of the cookies to have between 18.6 and 21.3 chocolate chips.  
 Valid.  
 Invalid.  
30.  We would expect about 95% of all possible sample means from this population 
tube between 18.6 and 21.3 chocolate chips.  
 Valid.  
 Invalid.  
31.  We are 95% certain that the confidence interval of 18.6 to 21.3 includes the true 
average number of chocolate chips per cookie.  
 Valid.  
 Invalid.  




32.  It has been established that under normal environmental conditions, adult 
largemouth bass in Silver Lake have an average length of 12.3 inches with a standard 
deviation of 3 inches. People who have been fishing Silver Lake for some time claim that 
this year they are catching smaller than usual largemouth bass. A research group from the 
Department of Natural Resources took a random sample of 100 adult largemouth bass from 
Silver Lake and found the mean of this sample to be 11.2 inches. Which of the following is 
the most appropriate statistical conclusion?  
 The researchers cannot conclude that the fish are smaller than what is normal 
because 11.2 inches is less than one standard deviation from the established mean 
(12.3 inches) for this species.  
 The researchers can conclude that the fish are smaller than what is normal 
because the sample mean should be almost identical to the population mean with a 
large sample of 100 fish.  
 The researchers can conclude that the fish are smaller than what is normal 
because the difference between 12.3 inches and 11.2 inches is much larger than the 
expected sampling error.  





A study examined the length of a certain species of fish from one lake. The plan was to 
take a random sample of 100 fish and examine the results. Numerical summaries on 
lengths of the fish measured in this study are given.  
33. Which of the following histograms is most likely to be the one for these data?  
 
 Histogram a.  
 Histogram b.  
 Histogram c.  
 
Mean  26.8mm  
Median  29.4mm  
Standard Deviation  5.0 mm  
Minimum  12.mm  
Maximum  33.4mm  
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Four graphs are presented below. The graph at the top is a distribution for a population of 
test scores. The mean score is 6.4 and the standard deviation is 4.1.  
Items 34 and 35 refer to the following situation: 
 






34.  Which graph (A, B, or C) do you think represents a single random sample of 
500values from this population?  
 Graph A  
 Graph B  
 Graph C  
35.  Which graph (A, B, or C) do you think represents a distribution of 500 sample 
means from random samples each of size 9?  
 Graph A  
 Graph B  
 Graph C  
36.  This table is based on records of accidents compiled by a State Highway Safety and 
Motor Vehicles Office. The Office wants to decide if people are less likely to have a fatal 
accident if they are wearing a seatbelt. Which of the following comparisons is most 
appropriate for supporting this conclusion?  
 
 Compare the ratios 510/412,878 and 1,601/164,128  
 Compare the ratios 510/577,006 and 1,601/577,006  
 Compare the numbers 510 and 1,601  






37.  A student participates in a Coke versus Pepsi taste test. She correctly identifies 
which soda is which four times out of six tries. She claims that this proves that she can 
reliably tell the difference between the two soft drinks. You have studied statistics and you 
want to determine the probability of anyone getting at least four right out of six tries just by 
chance alone. Which of the following would provide an accurate estimate of that 
probability?  
 Have the student repeat this experiment many times and calculate the 
percentage time she correctly distinguishes between the brands.  
 Simulate this on the computer with a 50% chance of guessing the correct 
soft drink on each try, and calculate the percent of times there are four or more 
correct guesses out of six trials.  
 Repeat this experiment with a very large sample of people and calculate the 
percentage of people who make four correct guesses out of six tries.  
 All of the methods listed above would provide an accurate estimate of the 
probability.  
38.  A college official conducted a survey to estimate the proportion of students 
currently living in dormitories about their preference for single rooms, double rooms, or 
multiple (more than two people) rooms in the dormitories on campus.  Which of the 
following does NOT affect the college official's ability to generalize the survey results to 
all dormitory students?  
 Five thousand students live in dormitories on campus. A random sample of 
only  500 were sent the survey.  
 The survey was sent to only first-year students.  
 Of the 500 students who were sent the survey, only 160 responded.  
 All of the above present a problem for generalizing the results.  
39.  The number of people living on American farms has declined steadily during the 
last century. Data gathered on the U.S. farm population (millions of people) from1910 to 
2000 were used to generate the following regression equation: Predicted Farm Population = 
1167 - .59 (YEAR). Which method is best to use to predict the number of people living on 
farms in 2050?  
 Substitute the value of 2050 for YEAR in the regression equation, and 
compute the predicted farm population.  
 Plot the regression line on a scatterplot, locate 2050 on the horizontal axis, and 
read off the corresponding value of population on the vertical axis.  
 Neither method is appropriate for making a prediction for the year 2050 based 
on these data.  
 Both methods are appropriate for making a prediction for the year 2050 based 
on these data.  









CAOS Answer Key  
40.  The following situation models the logic of a hypothesis test. An electrician uses an 
instrument to test whether or not an electrical circuit is defective. The instrument sometimes 
fails to detect that a circuit is good and working. The null hypothesis is that the circuit is 
good (not defective). The alternative hypothesis is that the circuit is not good (defective). If 
the electrician rejects the null hypothesis, which of the following statements is true?  
 The circuit is definitely not good and needs to be repaired.  
 The electrician decides that the circuit is defective, but it could be 
good.  
 The circuit is definitely good and does not need to be repaired.  
 The circuit is most likely good, but it could be defective.  
 
1. D  11. B  21. C  31. A  
2. B  12. A  22. A  32. C  
3. C  13 B  23. B  33. B  
4. A  14. A  24. D  34 A  
5. D  15. B  25. A  35. B  
6. C  16. C  26. B  36. A  
7. D  17 A  27. B  37. B  
8. A  18. A  28. B  38. A  
9. D  19. B  29. B  39. C  
10. C  20. A  30. B  40. B  
 




Student #: ____________ 
Gender (Male or Female): _______ 
Answer Yes or No for each of the following: 
1. Can you use a web browser such as FireFox, Safari, Internet Explorer, or AOL? 
Yes No  
2. Can you use a word processing program such as Microsoft Word, Microsoft 
Works, or WordPerfect? 
Yes No  
3. Are you comfortable using more than one program at a time or viewing more 
than one web page at a time?  
Yes No  
4. Can you send email with an attachment? 
Yes No  
5. Can you cut/copy and paste text? 
Yes No  
6. Can you download and install a computer program or plug-in? 
Yes No  
7. Are you comfortable learning a new computer program? 
Yes No  
8. Are you comfortable using online Help or a manual to solve problems and 
answer questions? 
Yes No  
For each of the following, state whether you are able to complete the specified task 
or identify the specified terms. 
Yes Unsure No Operating System  
   
Turn on and off your computer  
   
Identify the make and model of your computer  
   
Identify the operating system and version number  
   
Determine the amount of memory (RAM) on your system  
   
Determine the size of your hard disk drive  
   
Get to the help system and search for a topic  
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Yes Unsure No Graphical User Interface  
   
Explain the terms: icon, menu, window, click, select, drag, 
button  
   
Use the mouse to select and deselect an icon  
   
Use the mouse to select multiple icons  
   
Use the mouse to open an icon  
   
Use the mouse to move an icon  
   
Choose a command from a menu  
Yes Unsure No Windows  
   
Move, resize and close windows  
   
View the contents of a window using the scroll bars  
   
Switch among open windows  
   
Switch among open applications  
Yes Unsure No File Management  
   
Identify types of icons (file, folder, program)  
   
Copy or move a file or folder to another folder or floppy 
disk  
   
Create, rename, or duplicate a file or folder  
   
Find a file, a folder or another computer by its name 
and/or location  
   
Delete a file or folder  
   
Format or erase a floppy disk  
Yes Unsure No Common Conventions  
   
Pull-down menus  
   
Keyboard equivalents  
   
Dimmed menu item  
   
Dialogue box  
   
Thick border around a button  
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Yes Unsure No World Wide Web 
   
Explain the terms: browser, bookmark, link, search engine  
   
Open a URL when you know the location  
   
Move forward and back through pages  
   
Use a search engine  
   
Go to home page  
   
Create and organize bookmarks  
 
Using the following 1-5 scale: 
1 Dislike 
2 Somewhat Dislike 
3 Neutral  
4 Somewhat Like  
5 Like  
 











Dislike Somewhat Dislike Neutral Somewhat Like Like
1 2 3 4 5
Learning with a Computer
Recreation on a Computer
Communicate using a Computer
Internet Research
Classroom presentations on a 
Computer
Multi-tasking (more than 1 
simultaneous Activity)
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currently feel about the statement.  Please respond to all of the items.  
Directions: For each of the following statements mark the rating category that most indicates how you  
Strongly Disagree  Disagree  Neutral  Agree   Strongly Agree  
1.  I feel that statistics will be useful to me in my profession.  
 
 
2.  The thought of being enrolled in a statistics course makes me nervous.  
3.  A good researcher must have training in statistics.  
4.  Statistics seems very mysterious to me.  
5.  Most people would benefit from taking   a statistics course.  
6.  I have difficulty seeing how statistics relates to my field of study.  
7.  I see being enrolled in a statistics course as a very unpleasant experience 
8.  I would like to continue my statistical training in an advanced course. 
9.  Statistics will be useful to me in comparing the relative merits of different objects, methods, 
programs, etc. 
10.  Statistics is not really very useful because it tells us what we already know anyway.  
11.  Statistical training is relevant to my performance in my field of study.  
12.  I wish that I could have avoided taking my statistics course.  
13.  Statistics is a worthwhile part of my professional training. 
14.  Statistics is too math oriented to be of much use to me in the future.  
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15. I get upset at the thought of enrolling in another statistics course.  
 
 




17. Statistics is an inseparable aspect of scientific research.  
 
 
18. I feel intimidated when I have to deal with mathematical formulas.  
 
 
19. I am excited at the prospect of actually using statistics in my job.  
 
 
20. Studying statistics is a waste of time.  
 
 




22. One becomes a more effective "consumer" of research findings if one has some training in 
statistics.  
 
23. Training in statistics makes for a more well-rounded professional experience.  
 
 
24. Statistical thinking can play a useful role in everyday life.  
 
 
25. Dealing with numbers makes me uneasy.  
 
 
26. I feel that statistics should be required early in one's professional training.  
 
 
27. Statistics is too complicated for me to use effectively.  
 
 
28. Statistical training is not really useful for most professionals.  
 
 
29. Statistical thinking will one day be as necessary for efficient citizenship as the ability to read 
and write.





Main Application Code 
 
Principal Form Code 
 
/* 
 * Interface_Design.java 
 * Author: Alexandre Probst 

















































 * @author Alex Probst 
 */ 
public class InterfaceApplication extends javax.swing.JFrame { 
 
    //  ???? 
    // chatConnection 
    private chatConnection chatConn; 
    
    private String chatServer; 
    private String chatChannel; 
    private String chatUsername; 
    private Connection connection; 
    private Statement statement, statement2; 
    private ResultSet rs; 
    public int slidenum, slidecount; 
    public String SlideID; 
    public String CourseID; 
    public String userID; 
    public String Lname; 
    public String Fname; 
    public String ClassID; 
    public Vector URL; 
    public Graphics2D g2d; 
    public Graphics2D g2dBI; 
    public BufferedImage bufferedimage; 
    private ImageIcon icon = null; 
    public Slides [] classslides = new Slides[50]; 
    private Timer refreshProf; 
    private boolean updating, saving, next, prev; 
   
    public InterfaceApplication(String User, String Last, String First) { 
      
        userID = User; 
        Lname = Last; 
        Fname = First; 
        URL = new Vector(); 
         
        try { 
                Class.forName("com.mysql.jdbc.Driver").newInstance(); 
            } catch (Exception e) { 
                System.err.println("Unable to find and load driver"); 
                System.exit(1); 
            } 
        // Create the form. 
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        initComponents(); 
        choosecourse(); 
    } 
     
    @SuppressWarnings("unchecked") 
    // <editor-fold defaultstate="collapsed" desc="Generated Code">                           
    private void initComponents() { 
 
        jPanelResources = new javax.swing.JPanel(); 
        jLabel4 = new javax.swing.JLabel(); 
        jScrollPane1 = new javax.swing.JScrollPane(); 
        resourceList = new javax.swing.JList(); 
        jTabbedPane2 = new javax.swing.JTabbedPane(); 
        jPanelChat = new javax.swing.JPanel(); 
        jScrollPane3 = new javax.swing.JScrollPane(); 
        chatDisplay = new javax.swing.JTextArea(); 
        chatEntry = new javax.swing.JTextField(); 
        chatSendButton = new javax.swing.JButton(); 
        jPanelChat1 = new javax.swing.JPanel(); 
        jScrollPane2 = new javax.swing.JScrollPane(); 
        StudentNote = new javax.swing.JTextArea(); 
        jPanelChat2 = new javax.swing.JPanel(); 
        jScrollPane4 = new javax.swing.JScrollPane(); 
        ProfessorNote = new javax.swing.JTextPane(); 
        btnPrev = new javax.swing.JButton(); 
        btnNext = new javax.swing.JButton(); 
        ProfInk = new java.awt.Checkbox(); 
        StudInk = new java.awt.Checkbox(); 
        DrawingLayers = new javax.swing.JLayeredPane(); 
        Backpic = new javax.swing.JLabel(); 
        Saveannotations = new javax.swing.JButton(); 
        jMenuBar1 = new javax.swing.JMenuBar(); 
        jMenu1 = new javax.swing.JMenu(); 
        CourseSelect = new javax.swing.JMenuItem(); 
        ClassSelect = new javax.swing.JMenuItem(); 
        jMenuItem4 = new javax.swing.JMenuItem(); 
 
        setDefaultCloseOperation(javax.swing.WindowConstants.EXIT_ON_CLOSE); 
        setTitle("Multi-Tasking Educator"); 
        setName("MainForm"); // NOI18N 
        addComponentListener(new java.awt.event.ComponentAdapter() { 
            public void componentResized(java.awt.event.ComponentEvent evt) { 
                formComponentResized(evt); 
            } 
        }); 
 
        jPanelResources.setBorder(javax.swing.BorderFactory.createLineBorder(new java.awt.Color(0, 0, 
0))); 
        jPanelResources.setPreferredSize(new java.awt.Dimension(100, 580)); 
 
        jLabel4.setText("Resources"); 




        resourceList.addMouseListener(new java.awt.event.MouseAdapter() { 
            public void mouseClicked(java.awt.event.MouseEvent evt) { 
                resourceListMouseClicked(evt); 
            } 
        }); 
        jScrollPane1.setViewportView(resourceList); 
 
        org.jdesktop.layout.GroupLayout jPanelResourcesLayout = new 
org.jdesktop.layout.GroupLayout(jPanelResources); 
        jPanelResources.setLayout(jPanelResourcesLayout); 
        jPanelResourcesLayout.setHorizontalGroup( 
            jPanelResourcesLayout.createParallelGroup(org.jdesktop.layout.GroupLayout.LEADING) 
            .add(jPanelResourcesLayout.createSequentialGroup() 
                .add(jPanelResourcesLayout.createParallelGroup(org.jdesktop.layout.GroupLayout.LEADING) 
                    .add(jPanelResourcesLayout.createSequentialGroup() 
                        .add(54, 54, 54) 
                        .add(jLabel4)) 
                    .add(jPanelResourcesLayout.createSequentialGroup() 
                        .addContainerGap() 
                        .add(jScrollPane1, org.jdesktop.layout.GroupLayout.DEFAULT_SIZE, 145, 
Short.MAX_VALUE))) 
                .addContainerGap()) 
        ); 
        jPanelResourcesLayout.setVerticalGroup( 
            jPanelResourcesLayout.createParallelGroup(org.jdesktop.layout.GroupLayout.LEADING) 
            .add(org.jdesktop.layout.GroupLayout.TRAILING, 
jPanelResourcesLayout.createSequentialGroup() 
                .add(jLabel4, org.jdesktop.layout.GroupLayout.DEFAULT_SIZE, 14, Short.MAX_VALUE) 
                .addPreferredGap(org.jdesktop.layout.LayoutStyle.RELATED) 
                .add(jScrollPane1, org.jdesktop.layout.GroupLayout.PREFERRED_SIZE, 165, 
org.jdesktop.layout.GroupLayout.PREFERRED_SIZE) 
                .addContainerGap()) 
        ); 
 
        jPanelChat.setBorder(javax.swing.BorderFactory.createLineBorder(new java.awt.Color(0, 0, 0))); 
 
        jScrollPane3.setAutoscrolls(true); 
 
        chatDisplay.setColumns(20); 
        chatDisplay.setEditable(false); 
        chatDisplay.setLineWrap(true); 
        chatDisplay.setRows(5); 
        jScrollPane3.setViewportView(chatDisplay); 
 
        chatEntry.setHorizontalAlignment(javax.swing.JTextField.LEFT); 
        chatEntry.addActionListener(new java.awt.event.ActionListener() { 
            public void actionPerformed(java.awt.event.ActionEvent evt) { 
                chatEntryActionPerformed(evt); 
            } 
        }); 




        chatSendButton.setText("Send"); 
        chatSendButton.addActionListener(new java.awt.event.ActionListener() { 
            public void actionPerformed(java.awt.event.ActionEvent evt) { 
                chatSendButtonActionPerformed(evt); 
            } 
        }); 
 
        org.jdesktop.layout.GroupLayout jPanelChatLayout = new 
org.jdesktop.layout.GroupLayout(jPanelChat); 
        jPanelChat.setLayout(jPanelChatLayout); 
        jPanelChatLayout.setHorizontalGroup( 
            jPanelChatLayout.createParallelGroup(org.jdesktop.layout.GroupLayout.LEADING) 
            .add(jPanelChatLayout.createSequentialGroup() 
                .add(18, 18, 18) 
                .add(jPanelChatLayout.createParallelGroup(org.jdesktop.layout.GroupLayout.LEADING) 
                    .add(jScrollPane3, org.jdesktop.layout.GroupLayout.PREFERRED_SIZE, 785, 
org.jdesktop.layout.GroupLayout.PREFERRED_SIZE) 
                    .add(jPanelChatLayout.createSequentialGroup() 
                        .add(chatEntry, org.jdesktop.layout.GroupLayout.PREFERRED_SIZE, 736, 
org.jdesktop.layout.GroupLayout.PREFERRED_SIZE) 
                        .addPreferredGap(org.jdesktop.layout.LayoutStyle.RELATED) 
                        .add(chatSendButton))) 
                .addContainerGap(org.jdesktop.layout.GroupLayout.DEFAULT_SIZE, Short.MAX_VALUE)) 
        ); 
        jPanelChatLayout.setVerticalGroup( 
            jPanelChatLayout.createParallelGroup(org.jdesktop.layout.GroupLayout.LEADING) 
            .add(jPanelChatLayout.createSequentialGroup() 
                .addContainerGap() 
                .add(jScrollPane3, org.jdesktop.layout.GroupLayout.PREFERRED_SIZE, 129, 
org.jdesktop.layout.GroupLayout.PREFERRED_SIZE) 
                .addPreferredGap(org.jdesktop.layout.LayoutStyle.RELATED) 
                .add(jPanelChatLayout.createParallelGroup(org.jdesktop.layout.GroupLayout.BASELINE) 
                    .add(chatEntry, org.jdesktop.layout.GroupLayout.PREFERRED_SIZE, 
org.jdesktop.layout.GroupLayout.DEFAULT_SIZE, 
org.jdesktop.layout.GroupLayout.PREFERRED_SIZE) 
                    .add(chatSendButton)) 
                .addContainerGap(org.jdesktop.layout.GroupLayout.DEFAULT_SIZE, Short.MAX_VALUE)) 
        ); 
 
        jTabbedPane2.addTab("Chat", jPanelChat); 
 
        jPanelChat1.setBorder(javax.swing.BorderFactory.createLineBorder(new java.awt.Color(0, 0, 0))); 
 
        StudentNote.setColumns(20); 
        StudentNote.setFont(new java.awt.Font("Arial", 0, 12)); 
        StudentNote.setRows(5); 
        jScrollPane2.setViewportView(StudentNote); 
 
        org.jdesktop.layout.GroupLayout jPanelChat1Layout = new 
org.jdesktop.layout.GroupLayout(jPanelChat1); 
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        jPanelChat1.setLayout(jPanelChat1Layout); 
        jPanelChat1Layout.setHorizontalGroup( 
            jPanelChat1Layout.createParallelGroup(org.jdesktop.layout.GroupLayout.LEADING) 
            .add(jScrollPane2, org.jdesktop.layout.GroupLayout.DEFAULT_SIZE, 822, 
Short.MAX_VALUE) 
        ); 
        jPanelChat1Layout.setVerticalGroup( 
            jPanelChat1Layout.createParallelGroup(org.jdesktop.layout.GroupLayout.LEADING) 
            .add(jScrollPane2, org.jdesktop.layout.GroupLayout.DEFAULT_SIZE, 178, 
Short.MAX_VALUE) 
        ); 
 
        jTabbedPane2.addTab("Student Notes", jPanelChat1); 
 
        jPanelChat2.setBorder(javax.swing.BorderFactory.createLineBorder(new java.awt.Color(0, 0, 0))); 
 
        ProfessorNote.setFont(new java.awt.Font("Tahoma", 1, 12)); 
        ProfessorNote.setEnabled(false); 
        jScrollPane4.setViewportView(ProfessorNote); 
 
        org.jdesktop.layout.GroupLayout jPanelChat2Layout = new 
org.jdesktop.layout.GroupLayout(jPanelChat2); 
        jPanelChat2.setLayout(jPanelChat2Layout); 
        jPanelChat2Layout.setHorizontalGroup( 
            jPanelChat2Layout.createParallelGroup(org.jdesktop.layout.GroupLayout.LEADING) 
            .add(jScrollPane4, org.jdesktop.layout.GroupLayout.DEFAULT_SIZE, 822, 
Short.MAX_VALUE) 
        ); 
        jPanelChat2Layout.setVerticalGroup( 
            jPanelChat2Layout.createParallelGroup(org.jdesktop.layout.GroupLayout.LEADING) 
            .add(jScrollPane4, org.jdesktop.layout.GroupLayout.DEFAULT_SIZE, 178, 
Short.MAX_VALUE) 
        ); 
 
        jTabbedPane2.addTab("Professor Notes", jPanelChat2); 
 
        btnPrev.setText("<  Previous Slide"); 
        btnPrev.setEnabled(false); 
        btnPrev.addActionListener(new java.awt.event.ActionListener() { 
            public void actionPerformed(java.awt.event.ActionEvent evt) { 
                btnPrevActionPerformed(evt); 
            } 
        }); 
 
        btnNext.setText("Next Slide  >"); 
        btnNext.setEnabled(false); 
        btnNext.addActionListener(new java.awt.event.ActionListener() { 
            public void actionPerformed(java.awt.event.ActionEvent evt) { 
                btnNextActionPerformed(evt); 
            } 
        }); 




        ProfInk.setLabel("Professor Annotations"); 
        ProfInk.setState(true); 
        ProfInk.addMouseListener(new java.awt.event.MouseAdapter() { 
            public void mouseClicked(java.awt.event.MouseEvent evt) { 
                ProfInkMouseClicked(evt); 
            } 
        }); 
 
        StudInk.setLabel("Student Annotations"); 
        StudInk.setState(true); 
        StudInk.addMouseListener(new java.awt.event.MouseAdapter() { 
            public void mouseClicked(java.awt.event.MouseEvent evt) { 
                StudInkMouseClicked(evt); 
            } 
        }); 
 
        Backpic.setBounds(0, 0, 990, 430); 
        DrawingLayers.add(Backpic, javax.swing.JLayeredPane.DEFAULT_LAYER); 
 
        Saveannotations.setText("Save Annotations"); 
        Saveannotations.addActionListener(new java.awt.event.ActionListener() { 
            public void actionPerformed(java.awt.event.ActionEvent evt) { 
                SaveannotationsActionPerformed(evt); 
            } 
        }); 
 
        jMenu1.setText("File"); 
        jMenu1.addActionListener(new java.awt.event.ActionListener() { 
            public void actionPerformed(java.awt.event.ActionEvent evt) { 
                jMenu1ActionPerformed(evt); 
            } 
        }); 
 
        CourseSelect.setText("Select Course"); 
        CourseSelect.addActionListener(new java.awt.event.ActionListener() { 
            public void actionPerformed(java.awt.event.ActionEvent evt) { 
                CourseSelectActionPerformed(evt); 
            } 
        }); 
        jMenu1.add(CourseSelect); 
 
        ClassSelect.setText("Select Lecture"); 
        ClassSelect.addActionListener(new java.awt.event.ActionListener() { 
            public void actionPerformed(java.awt.event.ActionEvent evt) { 
                ClassSelectActionPerformed(evt); 
            } 
        }); 
        jMenu1.add(ClassSelect); 
 
        jMenuItem4.setText("Quit"); 
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        jMenu1.add(jMenuItem4); 
 
        jMenuBar1.add(jMenu1); 
 
        setJMenuBar(jMenuBar1); 
 
        org.jdesktop.layout.GroupLayout layout = new org.jdesktop.layout.GroupLayout(getContentPane()); 
        getContentPane().setLayout(layout); 
        layout.setHorizontalGroup( 
            layout.createParallelGroup(org.jdesktop.layout.GroupLayout.LEADING) 
            .add(layout.createSequentialGroup() 
                .add(layout.createParallelGroup(org.jdesktop.layout.GroupLayout.LEADING) 
                    .add(layout.createSequentialGroup() 
                        .add(115, 115, 115) 
                        .add(ProfInk, org.jdesktop.layout.GroupLayout.PREFERRED_SIZE, 
org.jdesktop.layout.GroupLayout.DEFAULT_SIZE, 
org.jdesktop.layout.GroupLayout.PREFERRED_SIZE) 
                        .add(18, 18, 18) 
                        .add(StudInk, org.jdesktop.layout.GroupLayout.PREFERRED_SIZE, 
org.jdesktop.layout.GroupLayout.DEFAULT_SIZE, 
org.jdesktop.layout.GroupLayout.PREFERRED_SIZE) 
                        .add(102, 102, 102) 
                        .add(Saveannotations, org.jdesktop.layout.GroupLayout.PREFERRED_SIZE, 157, 
org.jdesktop.layout.GroupLayout.PREFERRED_SIZE) 
                        .addPreferredGap(org.jdesktop.layout.LayoutStyle.RELATED, 57, Short.MAX_VALUE) 
                        .add(btnPrev) 
                        .add(36, 36, 36) 
                        .add(btnNext) 
                        .add(25, 25, 25)) 
                    .add(layout.createSequentialGroup() 
                        .add(10, 10, 10) 
                        .add(DrawingLayers, org.jdesktop.layout.GroupLayout.DEFAULT_SIZE, 992, 
Short.MAX_VALUE)) 
                    .add(layout.createSequentialGroup() 
                        .add(jTabbedPane2, org.jdesktop.layout.GroupLayout.PREFERRED_SIZE, 829, 
org.jdesktop.layout.GroupLayout.PREFERRED_SIZE) 
                        .addPreferredGap(org.jdesktop.layout.LayoutStyle.RELATED) 
                        .add(jPanelResources, org.jdesktop.layout.GroupLayout.PREFERRED_SIZE, 167, 
org.jdesktop.layout.GroupLayout.PREFERRED_SIZE))) 
                .addContainerGap()) 
        ); 
        layout.setVerticalGroup( 
            layout.createParallelGroup(org.jdesktop.layout.GroupLayout.LEADING) 
            .add(layout.createSequentialGroup() 
                .add(layout.createParallelGroup(org.jdesktop.layout.GroupLayout.LEADING) 
                    .add(layout.createParallelGroup(org.jdesktop.layout.GroupLayout.BASELINE) 
                        .add(btnPrev) 
                        .add(Saveannotations) 
                        .add(btnNext)) 
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                    .add(StudInk, org.jdesktop.layout.GroupLayout.PREFERRED_SIZE, 
org.jdesktop.layout.GroupLayout.DEFAULT_SIZE, 
org.jdesktop.layout.GroupLayout.PREFERRED_SIZE) 
                    .add(ProfInk, org.jdesktop.layout.GroupLayout.PREFERRED_SIZE, 
org.jdesktop.layout.GroupLayout.DEFAULT_SIZE, 
org.jdesktop.layout.GroupLayout.PREFERRED_SIZE)) 
                .addPreferredGap(org.jdesktop.layout.LayoutStyle.RELATED) 
                .add(DrawingLayers, org.jdesktop.layout.GroupLayout.PREFERRED_SIZE, 427, 
org.jdesktop.layout.GroupLayout.PREFERRED_SIZE) 
                .addPreferredGap(org.jdesktop.layout.LayoutStyle.UNRELATED) 
                .add(layout.createParallelGroup(org.jdesktop.layout.GroupLayout.LEADING) 
                    .add(org.jdesktop.layout.GroupLayout.TRAILING, jPanelResources, 
org.jdesktop.layout.GroupLayout.PREFERRED_SIZE, 198, 
org.jdesktop.layout.GroupLayout.PREFERRED_SIZE) 
                    .add(jTabbedPane2, org.jdesktop.layout.GroupLayout.DEFAULT_SIZE, 208, 
Short.MAX_VALUE)) 
                .addContainerGap()) 
        ); 
 
        pack(); 
    }// </editor-fold>                         
 
    private void formComponentResized(java.awt.event.ComponentEvent evt) {                                       
       //DrawingPanel.resize(WIDTH, WIDTH); 
    }                                      
 
    private void chatEntryActionPerformed(java.awt.event.ActionEvent evt) {                                           
        // Send chat message to server. 
        chatConn.sendMessage(chatEntry.getText()); 
        chatMessageReceived(chatUsername + ": " + chatEntry.getText()); 
        chatEntry.setText(""); 
    }                                          
 
    private void chatSendButtonActionPerformed(java.awt.event.ActionEvent evt) {                                                
        // Send chat message to server. 
        chatUsername = Fname + " " + Lname; 
        chatConn.sendMessage(chatEntry.getText()); 
        chatMessageReceived(chatUsername + ": " + chatEntry.getText()); 
        chatEntry.setText(""); 
    }                                               
 
private void btnNextActionPerformed(java.awt.event.ActionEvent evt) {                                         
    next = true; 
    if (!updating && !saving)  { 
    btnPrev.setEnabled(true) ;    
    if (slidenum < slidecount) { 
          
       try { 
                if (classslides[slidenum].StudInk != null) 
                    classslides[slidenum].StudInk = 
BufferedImageToByte(classslides[slidenum].InkMaker.bufferedimage); 
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                classslides[slidenum].DrawingPanel.setVisible(false); 
                classslides[slidenum].studNotes = StudentNote.getText(); 
              
                slidenum = slidenum + 1; 
                resourceList.setListData(classslides[slidenum].Resources); 
                ProfessorNote.setText(classslides[slidenum].profNotes); 
                StudentNote.setText(classslides[slidenum].studNotes); 
                drawelements(slidenum); 
            } catch (ImageFormatException ex) { 
                Logger.getLogger(InterfaceApplication.class.getName()).log(Level.SEVERE, null, ex); 
            } catch (IOException ex) { 
                Logger.getLogger(InterfaceApplication.class.getName()).log(Level.SEVERE, null, ex); 
            } 
    } 
    else 
        btnNext.setEnabled(false); 
     
     if  (slidenum == slidecount) { 
        btnNext.setEnabled(false);       
    } 
     next = false; 
    } 
}                                        
 
private void jMenu1ActionPerformed(java.awt.event.ActionEvent evt) {                                        
 
}                                       
 
private void CourseSelectActionPerformed(java.awt.event.ActionEvent evt) {                                              
  choosecourse(); 
  chooseclass();   
}                                             
 
private void ClassSelectActionPerformed(java.awt.event.ActionEvent evt) {                                             
   chooseclass();         
}                                            
 
private void resourceListMouseClicked(java.awt.event.MouseEvent evt) {                                           
   TestBrowser resourcelookup; 
   resourcelookup = new 
TestBrowser(classslides[slidenum].URL[resourceList.getSelectedIndex()].toString());  
   resourcelookup.show();    
}                                          
 
private void ProfInkMouseClicked(java.awt.event.MouseEvent evt) {                                      
   drawelements(slidenum); 
} 
     
public void chatMessageReceived(String message) { 
   String text = new String(chatDisplay.getText()); 
   text = text.concat("\n" + message); 
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   chatDisplay.setText(text); 
   chatDisplay.setCaretPosition(text.length());  
}                                     
 
private void btnPrevActionPerformed(java.awt.event.ActionEvent evt) {                                         
    prev = true; 
    if (!updating && !saving)  { 
    btnNext.setEnabled(true); 
    if (slidenum > 1) { 
            try { 
                if (classslides[slidenum].StudInk != null) 
                    classslides[slidenum].StudInk = 
BufferedImageToByte(classslides[slidenum].InkMaker.bufferedimage); 
                 
                classslides[slidenum].DrawingPanel.setVisible(false); 
                classslides[slidenum].studNotes = StudentNote.getText(); 
               
                slidenum = slidenum - 1; 
                resourceList.setListData(classslides[slidenum].Resources); 
                ProfessorNote.setText(classslides[slidenum].profNotes); 
                StudentNote.setText(classslides[slidenum].studNotes); 
                drawelements(slidenum); 
            } catch (ImageFormatException ex) { 
                Logger.getLogger(InterfaceApplication.class.getName()).log(Level.SEVERE, null, ex); 
            } catch (IOException ex) { 
                Logger.getLogger(InterfaceApplication.class.getName()).log(Level.SEVERE, null, ex); 
            } 
    } 
    else 
        btnPrev.setEnabled(false); 
    if  (slidenum == 1) { 
        btnPrev.setEnabled(false);     
    } 
    prev = false; 
    } 
}                                        
 
private void StudInkMouseClicked(java.awt.event.MouseEvent evt) {                                      
    drawelements(slidenum); 
}                                     
 
private void SaveannotationsActionPerformed(java.awt.event.ActionEvent evt) {                                                 
    savetoDB(); 
}                                                
 
    // Variables declaration - do not modify                      
    private javax.swing.JLabel Backpic; 
    private javax.swing.JMenuItem ClassSelect; 
    private javax.swing.JMenuItem CourseSelect; 
    private javax.swing.JLayeredPane DrawingLayers; 
    private java.awt.Checkbox ProfInk; 
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    private javax.swing.JTextPane ProfessorNote; 
    private javax.swing.JButton Saveannotations; 
    private java.awt.Checkbox StudInk; 
    private javax.swing.JTextArea StudentNote; 
    private javax.swing.JButton btnNext; 
    private javax.swing.JButton btnPrev; 
    private javax.swing.JTextArea chatDisplay; 
    private javax.swing.JTextField chatEntry; 
    private javax.swing.JButton chatSendButton; 
    private javax.swing.JLabel jLabel4; 
    private javax.swing.JMenu jMenu1; 
    private javax.swing.JMenuBar jMenuBar1; 
    private javax.swing.JMenuItem jMenuItem4; 
    private javax.swing.JPanel jPanelChat; 
    private javax.swing.JPanel jPanelChat1; 
    private javax.swing.JPanel jPanelChat2; 
    private javax.swing.JPanel jPanelResources; 
    private javax.swing.JScrollPane jScrollPane1; 
    private javax.swing.JScrollPane jScrollPane2; 
    private javax.swing.JScrollPane jScrollPane3; 
    private javax.swing.JScrollPane jScrollPane4; 
    private javax.swing.JTabbedPane jTabbedPane2; 
    private javax.swing.JList resourceList; 
    // End of variables declaration                    
 
     
    public  void loadResources() { 
        Cursor hourglassCursor = new Cursor(Cursor.WAIT_CURSOR); 
        setCursor(hourglassCursor); 
         
        try { 
            ResultSet records, rs2; 
            int order, resourcenum = 0, slidenumber = 0; 
            Vector v = new Vector(); 
            chatServer = "irc.freenode.net"; 
            chatChannel = "#flh-test"; 
            chatUsername = Fname + "_" + Lname; 
             
            chatConn = new chatConnection(chatServer, chatChannel, chatUsername, this); 
          
            connectToDB(); 
            rs = statement.executeQuery("SELECT Slide.SlideID, Slide.Background, Slide.Instructor, 
Slide.ClassID,  Slide.ProfessorNote, Slide.Order FROM Slide Where (ClassID = " + ClassID +") Order 
By Slide.Order"); 
            rs.beforeFirst(); 
            while (rs.next()) { 
                     slidenumber = slidenumber + 1; 
                     order = Integer.parseInt(rs.getString("Order")); 
                     classslides[order] = new Slides();    
                     classslides[order].SlideID = rs.getString("SlideID"); 
                     classslides[order].profNotes = rs.getString("ProfessorNote"); 
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                     classslides[order].Background = rs.getBytes("Background"); 
                     classslides[order].ProfInk =  rs.getBytes("Instructor"); 
                     classslides[order].DrawingPanel = new JPanel(new BorderLayout()); 
                     DrawingLayers.add(classslides[order].DrawingPanel, order); 
                     classslides[order].DrawingPanel.setSize(Backpic.getWidth(), Backpic.getHeight());  
                     classslides[order].DrawingPanel.setLocation(Backpic.getX(), Backpic.getY()); 
                     classslides[order].InkMaker = new DrawingSurface(classslides[order].DrawingPanel); 
                      
                     classslides[order].Resources = new String[25]; 
                     classslides[order].URL = new String[25]; 
                     records = statement2.executeQuery("SELECT SlideID, Resource, ResourceURL FROM 
SlideResources Where SlideID = "+ classslides[order].SlideID); 
                     records.beforeFirst(); 
                     while (records.next()) { 
                          resourcenum = resourcenum + 1; 
                          classslides[order].Resources[resourcenum] = records.getString("Resource"); 
                          classslides[order].URL[resourcenum] = records.getString("ResourceURL");   
                          } 
                      
                     } 
            slidecount = slidenumber; 
            rs = statement.executeQuery("SELECT Studentink.SlideID, Studentink.StudentID, 
Studentink.Ink, Studentink.StudentNotes, Slide.Order, Slide.ClassID FROM Studentink INNER JOIN 
Slide ON Studentink.SlideID = Slide.SlideID WHERE (((Studentink.StudentID)="+ userID + ") AND 
((Slide.ClassID)="+ClassID+"))"); 
            rs.beforeFirst(); 
            while (rs.next()) {    
                     order = Integer.parseInt(rs.getString("Order")); 
                     classslides[order].studNotes = rs.getString("StudentNotes"); 
                     classslides[order].StudInk = rs.getBytes("Ink");              
                     }            
            connection.close(); 
       
           
            slidenum = 1; 
            resourceList.setListData(classslides[slidenum].Resources); 
            ProfessorNote.setText(classslides[slidenum].profNotes); 
            StudentNote.setText(classslides[slidenum].studNotes); 
                
            drawelements(1); 
            btnNext.setEnabled(true); 
        } catch (SQLException ex) { 
            Logger.getLogger(InterfaceApplication.class.getName()).log(Level.SEVERE, null, ex); 
        } 
        Cursor normalCursor = new Cursor(Cursor.DEFAULT_CURSOR); 
        setCursor(normalCursor); 
        refreshProf = new Timer(); 
        refreshProf.schedule(new TimerTask(){ 
            public void run() { 
                try { 
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                    if (!next && !prev && !saving) { 
                    updating = true; 
                    connectToDB(); 
                    rs = statement.executeQuery("SELECT * From Slide Where SlideID = " + 
classslides[slidenum].SlideID); 
                    rs.first(); 
                    classslides[slidenum].ProfInk = rs.getBytes("Instructor"); 
                    connection.close(); 
                    drawelements(slidenum); 
                    updating = false; 
                    if (saving) 
                        savetoDB(); 
                    if (next) 
                        btnNext.doClick(); 
                    if (prev) 
                        btnPrev.doClick(); 
                    } 
                } catch (SQLException ex) { 
                    Logger.getLogger(InterfaceApplication.class.getName()).log(Level.SEVERE, null, ex); 
                }}}, 2000, 2000); 
  } 
     
public void drawelements(int slideloc){ 
           BufferedImage Prof = null, Back = null, Stud = null, combo = null; 
           Graphics2D temp; 
 
           combo = new BufferedImage(Backpic.getWidth(), Backpic.getHeight(), 
BufferedImage.TYPE_INT_RGB); 
           temp = combo.createGraphics(); 
           temp.setBackground(Color.white); 
            
           try { 
            InputStream in = new ByteArrayInputStream(classslides[slideloc].Background); 
            Back = ImageIO.read(in); 
            temp.drawImage(Back, null, 0, 0); 
            } catch (IOException ex) { 
                Logger.getLogger(InterfaceApplication.class.getName()).log(Level.SEVERE, null, ex); 
            } 
            if ((classslides[slideloc].ProfInk != null) &&  ProfInk.getState()) { 
            try { 
            InputStream in2 = new ByteArrayInputStream(classslides[slideloc].ProfInk); 
            Prof = ImageIO.read(in2); 
            temp.drawImage(Prof, null, 0, 0); 
             
            } catch (IOException ex) { 
                Logger.getLogger(InterfaceApplication.class.getName()).log(Level.SEVERE, null, ex); 
            }} 
             
            if ((classslides[slideloc].StudInk != null) && StudInk.getState()) { 
            InputStream in3 = new ByteArrayInputStream(classslides[slideloc].StudInk); 
            try {  
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                Stud = ImageIO.read(in3); 
                temp.drawImage(Stud, null, 0, 0); 
                 
            } catch (IOException ex) { 
                Logger.getLogger(InterfaceApplication.class.getName()).log(Level.SEVERE, null, ex); 
            }} 
             
            if (StudInk.getState()) 
                temp.drawImage(classslides[slideloc].InkMaker.bufferedimage, null, 0, 0); 
           temp.dispose();          
           icon = new ImageIcon(combo); 
           Backpic.setIcon(icon);  
           classslides[slideloc].DrawingPanel.setVisible(true);         
    } 
     
    public void connectToDB() { 
    try { 
      connection = DriverManager 
          
.getConnection("jdbc:mysql://probsts.us:3306/aprobst_Thesis?user=aprobst_alex&password=15Christ"); 
      statement = connection.createStatement( 
          ResultSet.TYPE_SCROLL_INSENSITIVE, 
          ResultSet.CONCUR_UPDATABLE); 
      statement2 = connection.createStatement( 
          ResultSet.TYPE_SCROLL_INSENSITIVE, 
          ResultSet.CONCUR_UPDATABLE); 
       
    } catch (SQLException connectException) { 
      System.out.println(connectException.getMessage()); 
      System.out.println(connectException.getSQLState()); 
      System.out.println(connectException.getErrorCode()); 
      System.exit(1); 
    } 
  } 
     
    private void choosecourse() { 
        Cursor normalCursor = new Cursor(Cursor.DEFAULT_CURSOR); 
        setCursor(normalCursor); 
        try {          
                JButton BtnChoose; 
                final JList Courseoption;      
                ResultSet rscourse; 
                final Dialog coursedialog; 
                final Vector v2 = new Vector(); 
                final Vector v = new Vector(); 
                final Frame c = new Frame ("Course Chooser"); 
                c.setLayout(new FlowLayout()); 
                connectToDB();               
                rscourse = statement.executeQuery("SELECT UserCourses.StudentID, Course.CourseName, 
Course.CourseID FROM Course INNER JOIN UserCourses ON Course.CourseID = 
UserCourses.CourseID WHERE UserCourses.StudentID = " + userID); 
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                rscourse.beforeFirst();                   
                while (rscourse.next()) {                 
                      v.addElement(rscourse.getString("CourseName")); 
                      v2.addElement(rscourse.getString("CourseID")); 
                      }                
                connection.close();  
                coursedialog = new Dialog (c, "Course Chooser"); 
                Courseoption = new JList(); 
                Courseoption.addListSelectionListener(new ListSelectionListener() { 
                     public void valueChanged(ListSelectionEvent e) { 
                     CourseID = v2.elementAt(Courseoption.getSelectedIndex()).toString(); 
                     coursedialog.setVisible(false); 
                     coursedialog.dispose(); 
                     chooseclass(); 
                }}); 
                Courseoption.setListData(v); 
                Courseoption.setVisibleRowCount(4); 
                JPanel first = new JPanel(new GridLayout(4, 1)); 
                 
                //Do Login Button 
                 
                BtnChoose = new JButton("Choose Course"); 
                BtnChoose.addActionListener(new ActionListener() { 
                public void actionPerformed(ActionEvent e) { 
                        CourseID = v2.elementAt(Courseoption.getSelectedIndex()).toString(); 
                        coursedialog.setVisible(false); 
                        coursedialog.dispose(); 
                        chooseclass(); 
                      
                    }}); 
                                 
                  first.add(BtnChoose); 
                  first.add(Courseoption);       
                  coursedialog.setSize(150, 200); 
                  coursedialog.setLocation(300, 300); 
                  coursedialog.add(first); 
                  coursedialog.addWindowListener(new WindowAdapter() { 
                                public void windowClosing(WindowEvent e) { 
                                coursedialog.dispose(); 
                                  } 
                            }); 
              
                  coursedialog.show(); 
                  coursedialog.setAlwaysOnTop(true); 
        } catch (SQLException ex) { 
            Logger.getLogger(InterfaceApplication.class.getName()).log(Level.SEVERE, null, ex); 
        } 
    } 
     
    public void chooseclass() { 
       try { 
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                JButton BtnChoose; 
                final JList ClassSession; 
                
                ResultSet rsclass; 
                final Dialog classdialog;             
                final Vector v = new Vector(); 
                final Vector v2 = new Vector(); 
                final Frame c = new Frame ("Lecture Chooser"); 
                  c.setLayout(new FlowLayout()); 
                   
                  connectToDB();               
                  rsclass = statement.executeQuery("SELECT * FROM Class WHERE CourseID = " + 
CourseID); 
                  rsclass.beforeFirst();                   
                  while (rsclass.next()) {                 
                     v.addElement(rsclass.getString("ClassDate") + " - " + rsclass.getString("Topic")); 
                     v2.addElement(rsclass.getString("ClassID")); 
                                    }                
                  connection.close();   
                  classdialog = new Dialog (c, "Lecture Chooser"); 
                  ClassSession = new JList(); 
                  ClassSession.addListSelectionListener(new ListSelectionListener() { 
                     public void valueChanged(ListSelectionEvent e) { 
                     ClassID = v2.elementAt(ClassSession.getSelectedIndex()).toString(); 
                     classdialog.setVisible(false); 
                     classdialog.dispose(); 
                     loadResources(); 
                  }}); 
                  ClassSession.setListData(v); 
                  ClassSession.setVisibleRowCount(8); 
                  JPanel first = new JPanel(new GridLayout(1, 1)); 
                 
                  //Do Login Button 
                   
                  BtnChoose = new JButton("Choose Lecture"); 
                  BtnChoose.addActionListener(new ActionListener() { 
                    public void actionPerformed(ActionEvent e) { 
                        ClassID = v2.elementAt(ClassSession.getSelectedIndex()).toString(); 
                        classdialog.setVisible(false); 
                        classdialog.dispose(); 
                        loadResources(); 
                         
                    }}); 
                                 
                  //first.add(BtnChoose); 
                  first.add(ClassSession);       
                  classdialog.setSize(150, 200); 
                  classdialog.setLocation(300, 300); 
                  classdialog.add(first); 
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                   classdialog.addWindowListener(new WindowAdapter() { 
                                public void windowClosing(WindowEvent e) { 
                                classdialog.dispose(); 
                                  } 
                            }); 
                  classdialog.show(); 
                   
                   
        } catch (SQLException ex) { 
            Logger.getLogger(InterfaceApplication.class.getName()).log(Level.SEVERE, null, ex); 
        }   
    } 
     
    public static byte[] BufferedImageToByte(BufferedImage img) throws ImageFormatException, 
IOException{ 
      ByteArrayOutputStream os = new ByteArrayOutputStream(); 
      JPEGImageEncoder encoder = JPEGCodec.createJPEGEncoder(os); 
      encoder.encode(img);       
      return os.toByteArray(); 
              
    } 
  
    public void savetoDB() { 
        int i = 0; 
        saving = true; 
        if (!updating) { 
        Cursor hourglassCursor = new Cursor(Cursor.WAIT_CURSOR); 
        setCursor(hourglassCursor); 
        if (classslides[slidenum].StudInk != null) 
                   
                try { 
                classslides[slidenum].StudInk = 
BufferedImageToByte(classslides[slidenum].InkMaker.bufferedimage); 
            } catch (ImageFormatException ex) { 
                Logger.getLogger(InterfaceApplication.class.getName()).log(Level.SEVERE, null, ex); 
            } catch (IOException ex) { 
                Logger.getLogger(InterfaceApplication.class.getName()).log(Level.SEVERE, null, ex); 
            } 
            
         classslides[slidenum].studNotes = StudentNote.getText(); 
        try { 
            connectToDB(); 
            rs = statement.executeQuery("SELECT * From Studentink Where StudentID = " + userID); 
            rs.beforeFirst();            
            while (rs.next())  { 
                for (i = 1; i <= slidecount; i++) { 
                    if (classslides[i].SlideID.equals(rs.getString("SlideID"))) { 
                        rs.updateBytes("Studentink.Ink", classslides[i].StudInk); 
                        rs.updateString("Studentink.StudentNotes", classslides[i].studNotes); 
                        rs.updateRow(); 
                    }}} 
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            connection.close(); 
        } catch (SQLException ex) { 
            Logger.getLogger(InterfaceApplication.class.getName()).log(Level.SEVERE, null, ex); 
        } 
        Cursor normalCursor = new Cursor(Cursor.DEFAULT_CURSOR); 
        setCursor(normalCursor); 
     
       saving = false; 
       if (next) 
           btnNext.doClick();     
       if (prev)              
           btnPrev.doClick(); 
       } 
    }    
} 
 




@author John M (http://sourceforge.net/users/nextdesign) 
**** 
Updated by Alex Probst - source found on 
http://sourceforge.net/apps/mediawiki/jpen/index.php?title=Drawing_Surface_Example 












public class DrawingSurface extends PenAdapter 
{ 
 private static final long serialVersionUID = 1L;        
        public String user; 
        public String Lname; 
        public String Fname; 
        public InterfaceApplication parent;  
        Point2D.Float prevLoc=new Point2D.Float();// previous location of cursor 
 Point2D.Float loc=new Point2D.Float();// current location of cursor 
         
 /* brush dynamics */ 
 float       brushSize; 
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 float       opacity; 
        BufferedImage bufferedimage; 
        Graphics2D g2d, g2dBI; 
 BasicStroke stroke; 
         
        public DrawingSurface (JPanel Drawsurf) { 
          
                 
  Drawsurf.setCursor(Cursor.getPredefinedCursor(Cursor.CROSSHAIR_CURSOR)); 
                // Use the AwtPenToolkit to register a PenListener on the panel: 
  AwtPenToolkit.addPenListener(Drawsurf, this); 
  // setup the mouse to cause a pressure level event when the left button is pressed: 
  PenManager pm=AwtPenToolkit.getPenManager(); 
  pm.pen.levelEmulator.setPressureTriggerForLeftCursorButton(0.5f); 
 
  // show the window and setup the g2d 
  Drawsurf.setVisible(true); 
                g2d = (Graphics2D)Drawsurf.getGraphics(); 
 
  // make the lines smooth 
  g2d.setRenderingHint(RenderingHints.KEY_RENDERING, 
    RenderingHints.VALUE_RENDER_QUALITY); 
  g2d.setRenderingHint(RenderingHints.KEY_STROKE_CONTROL, 
    RenderingHints.VALUE_STROKE_PURE); 
  g2d.setRenderingHint(RenderingHints.KEY_ANTIALIASING, 
    RenderingHints.VALUE_ANTIALIAS_ON); 
                if (bufferedimage == null) 
  bufferedimage = new 
BufferedImage(Drawsurf.getWidth(),Drawsurf.getHeight(),BufferedImage.TYPE_INT_ARGB); 
  g2dBI = bufferedimage.createGraphics(); 
  //g2dBI.setBackground(Color.WHITE); 
               
             
                Drawsurf.setOpaque(false); 
      
  // make the lines smooth 
  g2dBI.setRenderingHint(RenderingHints.KEY_RENDERING, 
    RenderingHints.VALUE_RENDER_QUALITY); 
  g2dBI.setRenderingHint(RenderingHints.KEY_STROKE_CONTROL, 
    RenderingHints.VALUE_STROKE_PURE); 
  g2dBI.setRenderingHint(RenderingHints.KEY_ANTIALIASING, 




 public void penLevelEvent(PLevelEvent ev) 
 { 
  // if this event was not a movement, do nothing 
  if(!ev.isMovement()) 
   return; 
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  // set the brush's size, and opacity relative to the pressure 
  float pressure=ev.pen.getLevelValue(PLevel.Type.PRESSURE); 
  brushSize = pressure * 5; 
  opacity = pressure * 255; 
  
  // get the current cursor location 
  loc.x = ev.pen.getLevelValue(PLevel.Type.X); 
  loc.y = ev.pen.getLevelValue(PLevel.Type.Y); 
 
  if (brushSize>0) 
  { 
   if (ev.pen.getKind() == PKind.valueOf(PKind.Type.ERASER)) // using the 
eraser, create a white line, effectively "erasing" the black line 
   { 
    // set the color to white, and create the stroke 
    g2d.setColor(Color.white); 
    g2dBI.setColor(Color.white); 
    stroke = new BasicStroke(brushSize * 2); // make it a bit more sensitive 
   }else// default, we want to draw a black line onto the screen. 
   { 
    // set the opacity, and create the stroke 
    g2d.setColor(new Color((int)opacity, (int)opacity, 255, 255)); 
    g2dBI.setColor(new Color((int)opacity, (int)opacity, 255, 255)); 
    stroke=new BasicStroke(brushSize, 
      BasicStroke.CAP_ROUND, // round line endings 
      BasicStroke.JOIN_MITER 
    ); 
   } 
   // draw a line between the current and previous locations 
   g2d.setStroke(stroke); 
   g2d.draw(new Line2D.Float(prevLoc, loc)); 
 
   g2dBI.setStroke(stroke); 
   g2dBI.draw(new Line2D.Float(prevLoc, loc)); 
  } 
  // set the current position to the previous position 
  prevLoc.setLocation(loc); 










 * @author Alex Probst 
 */ 




























public class LoginForm extends JFrame { 
 
  private JButton BtnLogin; 
  private JTextField UserName; 
  private JPasswordField Password; 
  private Connection connection; 
  private Statement statement; 
  private ResultSet rs; 
  public InterfaceApplication test; 
  public String testpw, pw, StudID, LName, FName; 
 
  public LoginForm() { 
    try { 
      Class.forName("com.mysql.jdbc.Driver").newInstance(); 
    } catch (Exception e) { 
      System.err.println("Unable to find and load driver"); 
      System.exit(1); 
    } 
  } 
 
  private void buildGUI() { 
    Container c = getContentPane(); 
    
    c.setLayout(new FlowLayout()); 
     
    //Do Login Button 
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    BtnLogin = new JButton("Log In"); 
    BtnLogin.addActionListener(new ActionListener() { 
      public void actionPerformed(ActionEvent e) { 
            
                try { 
                    connectToDB(); 
                    rs = statement.executeQuery("SELECT * FROM Users Where StudentID = " + 
UserName.getText().toString()); 
                    rs.beforeFirst(); 
                    rs.next(); 
                    StudID = rs.getString("StudentID"); 
                    LName = rs.getString("LastName"); 
                    FName = rs.getString("FirstName"); 
                    testpw = rs.getString("Password"); 
                    pw = Password.getText().toString(); 
                     
                   if (pw.equals(testpw)) { 
                        
                     connection.close(); 
                      
                     Cursor hourglassCursor = new Cursor(Cursor.WAIT_CURSOR); 
                     setCursor(hourglassCursor); 
                     closeform(); 
                     test = new InterfaceApplication(StudID, LName, FName); 
                     test.show(); 
                         
                                           
                   } 
                   else 
                       JOptionPane.showMessageDialog(null, "Incorrect Password, Please Try Again", 
"Incorrrect Password",  WIDTH); 
                }    
                 catch (SQLException ex) { 
                    Logger.getLogger(LoginForm.class.getName()).log(Level.SEVERE, null, ex); 
                    JOptionPane.showMessageDialog(null, "Unknown Student ID, Please Try Again", 
"Unknown Student ID",  WIDTH); 
                }}}); 
           
    JPanel first = new JPanel(new GridLayout(4, 1)); 
    first.add(BtnLogin); 
 
    UserName = new JTextField(15); 
    Password = new JPasswordField(15); 
    first.add(UserName); 
    first.add(Password); 
     
    JLabel userlabel = new JLabel(); 
    JLabel Passlabel = new JLabel(); 
    userlabel.setText("User Name: "); 
    Passlabel.setText("Password: "); 
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    JPanel second = new JPanel(); 
    second.setLayout(new GridLayout(3, 1)); 
    second.add(userlabel); 
    second.add(Passlabel); 
     
    c.add(second); 
    c.add(first); 
    setSize(300, 150); 
    show(); 
  } 
 
public void closeform(){ 
    this.dispose(); 
}   
  public void connectToDB() { 
    try { 
      connection = DriverManager 
          
.getConnection("jdbc:mysql://probsts.us:3306/aprobst_Thesis?user=aprobst_alex&password=15Christ"); 
      statement = connection.createStatement( 
          ResultSet.TYPE_SCROLL_INSENSITIVE, 
          ResultSet.CONCUR_UPDATABLE); 
 
    } catch (SQLException connectException) { 
      System.out.println(connectException.getMessage()); 
      System.out.println(connectException.getSQLState()); 
      System.out.println(connectException.getErrorCode()); 
      System.exit(1); 
    } 
  } 
  private void init() { 
    connectToDB(); 
  } 
   
  public static void main(String[] args) { 
    LoginForm id = new LoginForm(); 
    id.setTitle("Multi-Tasking Educator"); 
    id.setLocation(400, 300); 
    id.addWindowListener(new WindowAdapter() { 
      public void windowClosing(WindowEvent e) { 
        System.exit(0); 
      } 
    }); 
 
    id.init(); 
    id.buildGUI(); 
   
  } 
} 
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 * @author Alex Probst 
 */ 
public class Slides { 
     String SlideID; 
     String studNotes; 
     String profNotes; 
     byte[] Background; 
     byte[] ProfInk; 
     byte[] StudInk; 
     boolean savedink; 
     String Resources[]; 
     String URL[]; 
     DrawingSurface InkMaker; 
     JPanel DrawingPanel; 
} 
 
















public class chatConnection implements IRCEventListener { 
    private String channel; 
    private String server; 
    private String username; 
    private ConnectionManager chatManager; 
    private InterfaceApplication parent; 
 
 
    // Constructor - Requires specific channel, server, and username 
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    public chatConnection(String init_server, String init_channel, String init_username, 
InterfaceApplication parent) { 
        this.channel = init_channel; 
        this.server = init_server; 
        this.username = init_username; 
        this.parent = parent; 
 
        initiateChat(); 
 
    } 
   
    private void initiateChat() { 
        chatManager = new ConnectionManager(new Profile(username)); 
        Session session = chatManager.requestConnection(server); 
        session.addIRCEventListener(this); 
    } 
 
    public void receiveEvent(IRCEvent e) { 
        if (e.getType() == Type.CONNECT_COMPLETE) { 
            e.getSession().join(channel); 
        } else if (e.getType() == Type.CHANNEL_MESSAGE) { 
            MessageEvent me = (MessageEvent) e; 
            System.out.println(me.getNick() + ":" + me.getMessage()); 
 
            parent.chatMessageReceived(me.getNick() + ": "+ me.getMessage()); 
 
        } else if (e.getType() == Type.JOIN_COMPLETE) { 
            JoinCompleteEvent jce = (JoinCompleteEvent) e; 
 
        } else { 
            System.out.println(e.getType() + " " + e.getRawEventData()); 
        } 
 
        // DEBUG - SHOW ALL IRC MESSAGES 
        // parent.chatMessageReceived(e.getType() + " " + e.getRawEventData()); 
 
    } 
 
    public void sendMessage(String message) { 
        chatManager.getSession(server).getChannel(channel).say(message); 




Professor Application Code 
 
Since the code for all objects except the main form is identical to the Main Application, only the main 
form code is presented below. 
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 Professor Application Main Form 
 
/* 
 * Interface_Design.java 
 * Author: Alexandre Probst 


















































 * @author Alex Probst 
 */ 
public class InterfaceApplication extends javax.swing.JFrame { 
 
    //  ???? 
    // chatConnection 
    private chatConnection chatConn; 
    
    private String chatServer; 
    private String chatChannel; 
    private String chatUsername; 
    private Connection connection; 
    private Statement statement, statement2; 
    private ResultSet rs; 
    public int slidenum, slidecount; 
    public String SlideID; 
    public String CourseID; 
    public String userID; 
    public String Lname; 
    public String Fname; 
    public String ClassID; 
    public Vector Students; 
    public Graphics2D g2d; 
    public Graphics2D g2dBI; 
    public BufferedImage bufferedimage; 
    private ImageIcon icon = null; 
    public Slides [] classslides = new Slides[50]; 
    private Timer refreshProf; 
    private boolean studentdemo; 
   
    public InterfaceApplication(String User, String Last, String First) { 
      
        userID = User; 
        Lname = Last; 
        Fname = First; 
        Students = new Vector(); 
         
        try { 
                Class.forName("com.mysql.jdbc.Driver").newInstance(); 
            } catch (Exception e) { 
                System.err.println("Unable to find and load driver"); 
                System.exit(1); 
            } 
        // Create the form. 
        initComponents(); 
        choosecourse(); 
    } 
     
    @SuppressWarnings("unchecked") 
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    // <editor-fold defaultstate="collapsed" desc="Generated Code">                           
    private void initComponents() { 
 
        jTabbedPane2 = new javax.swing.JTabbedPane(); 
        jPanelChat = new javax.swing.JPanel(); 
        jScrollPane3 = new javax.swing.JScrollPane(); 
        chatDisplay = new javax.swing.JTextArea(); 
        chatEntry = new javax.swing.JTextField(); 
        chatSendButton = new javax.swing.JButton(); 
        btnPrev = new javax.swing.JButton(); 
        btnNext = new javax.swing.JButton(); 
        DrawingLayers = new javax.swing.JLayeredPane(); 
        Backpic = new javax.swing.JLabel(); 
        jPanelResources = new javax.swing.JPanel(); 
        jLabel4 = new javax.swing.JLabel(); 
        jScrollPane1 = new javax.swing.JScrollPane(); 
        StudentList = new javax.swing.JList(); 
        jMenuBar1 = new javax.swing.JMenuBar(); 
        jMenu1 = new javax.swing.JMenu(); 
        CourseSelect = new javax.swing.JMenuItem(); 
        ClassSelect = new javax.swing.JMenuItem(); 
        jMenuItem4 = new javax.swing.JMenuItem(); 
 
        setDefaultCloseOperation(javax.swing.WindowConstants.EXIT_ON_CLOSE); 
        setTitle("Multi-Tasking Educator"); 
        setName("MainForm"); // NOI18N 
        addComponentListener(new java.awt.event.ComponentAdapter() { 
            public void componentResized(java.awt.event.ComponentEvent evt) { 
                formComponentResized(evt); 
            } 
        }); 
 
        jPanelChat.setBorder(javax.swing.BorderFactory.createLineBorder(new java.awt.Color(0, 0, 0))); 
 
        jScrollPane3.setAutoscrolls(true); 
 
        chatDisplay.setColumns(20); 
        chatDisplay.setEditable(false); 
        chatDisplay.setLineWrap(true); 
        chatDisplay.setRows(5); 
        jScrollPane3.setViewportView(chatDisplay); 
 
        chatEntry.setHorizontalAlignment(javax.swing.JTextField.LEFT); 
        chatEntry.addActionListener(new java.awt.event.ActionListener() { 
            public void actionPerformed(java.awt.event.ActionEvent evt) { 
                chatEntryActionPerformed(evt); 
            } 
        }); 
 
        chatSendButton.setText("Send"); 
        chatSendButton.addActionListener(new java.awt.event.ActionListener() { 
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            public void actionPerformed(java.awt.event.ActionEvent evt) { 
                chatSendButtonActionPerformed(evt); 
            } 
        }); 
 
        org.jdesktop.layout.GroupLayout jPanelChatLayout = new 
org.jdesktop.layout.GroupLayout(jPanelChat); 
        jPanelChat.setLayout(jPanelChatLayout); 
        jPanelChatLayout.setHorizontalGroup( 
            jPanelChatLayout.createParallelGroup(org.jdesktop.layout.GroupLayout.LEADING) 
            .add(jPanelChatLayout.createSequentialGroup() 
                .add(24, 24, 24) 
                .add(jPanelChatLayout.createParallelGroup(org.jdesktop.layout.GroupLayout.LEADING, 
false) 
                    .add(jScrollPane3, org.jdesktop.layout.GroupLayout.PREFERRED_SIZE, 768, 
org.jdesktop.layout.GroupLayout.PREFERRED_SIZE) 
                    .add(org.jdesktop.layout.GroupLayout.TRAILING, 
jPanelChatLayout.createSequentialGroup() 
                        .add(chatEntry) 
                        .addPreferredGap(org.jdesktop.layout.LayoutStyle.UNRELATED) 
                        .add(chatSendButton))) 
                .add(23, 23, 23)) 
        ); 
        jPanelChatLayout.setVerticalGroup( 
            jPanelChatLayout.createParallelGroup(org.jdesktop.layout.GroupLayout.LEADING) 
            .add(jPanelChatLayout.createSequentialGroup() 
                .addContainerGap() 
                .add(jScrollPane3, org.jdesktop.layout.GroupLayout.PREFERRED_SIZE, 129, 
org.jdesktop.layout.GroupLayout.PREFERRED_SIZE) 
                .add(9, 9, 9) 
                .add(jPanelChatLayout.createParallelGroup(org.jdesktop.layout.GroupLayout.BASELINE) 
                    .add(chatEntry, org.jdesktop.layout.GroupLayout.PREFERRED_SIZE, 
org.jdesktop.layout.GroupLayout.DEFAULT_SIZE, 
org.jdesktop.layout.GroupLayout.PREFERRED_SIZE) 
                    .add(chatSendButton)) 
                .addContainerGap(org.jdesktop.layout.GroupLayout.DEFAULT_SIZE, Short.MAX_VALUE)) 
        ); 
 
        jTabbedPane2.addTab("Chat", jPanelChat); 
 
        btnPrev.setText("<  Previous Slide"); 
        btnPrev.setEnabled(false); 
        btnPrev.addActionListener(new java.awt.event.ActionListener() { 
            public void actionPerformed(java.awt.event.ActionEvent evt) { 
                btnPrevActionPerformed(evt); 
            } 
        }); 
 
        btnNext.setText("Next Slide  >"); 
        btnNext.setEnabled(false); 
        btnNext.addActionListener(new java.awt.event.ActionListener() { 
  Appendix C 
237 
 
            public void actionPerformed(java.awt.event.ActionEvent evt) { 
                btnNextActionPerformed(evt); 
            } 
        }); 
 
        Backpic.setBounds(0, 0, 980, 430); 
        DrawingLayers.add(Backpic, javax.swing.JLayeredPane.DEFAULT_LAYER); 
 
        jPanelResources.setBorder(javax.swing.BorderFactory.createLineBorder(new java.awt.Color(0, 0, 
0))); 
        jPanelResources.setPreferredSize(new java.awt.Dimension(100, 580)); 
 
        jLabel4.setText("Students"); 
 
        StudentList.addMouseListener(new java.awt.event.MouseAdapter() { 
            public void mouseClicked(java.awt.event.MouseEvent evt) { 
                StudentListMouseClicked(evt); 
            } 
        }); 
        jScrollPane1.setViewportView(StudentList); 
 
        org.jdesktop.layout.GroupLayout jPanelResourcesLayout = new 
org.jdesktop.layout.GroupLayout(jPanelResources); 
        jPanelResources.setLayout(jPanelResourcesLayout); 
        jPanelResourcesLayout.setHorizontalGroup( 
            jPanelResourcesLayout.createParallelGroup(org.jdesktop.layout.GroupLayout.LEADING) 
            .add(jPanelResourcesLayout.createSequentialGroup() 
                .add(jPanelResourcesLayout.createParallelGroup(org.jdesktop.layout.GroupLayout.LEADING) 
                    .add(jPanelResourcesLayout.createSequentialGroup() 
                        .add(62, 62, 62) 
                        .add(jLabel4)) 
                    .add(jPanelResourcesLayout.createSequentialGroup() 
                        .addContainerGap() 
                        .add(jScrollPane1, org.jdesktop.layout.GroupLayout.PREFERRED_SIZE, 136, 
org.jdesktop.layout.GroupLayout.PREFERRED_SIZE))) 
                .addContainerGap(org.jdesktop.layout.GroupLayout.DEFAULT_SIZE, Short.MAX_VALUE)) 
        ); 
        jPanelResourcesLayout.setVerticalGroup( 
            jPanelResourcesLayout.createParallelGroup(org.jdesktop.layout.GroupLayout.LEADING) 
            .add(org.jdesktop.layout.GroupLayout.TRAILING, 
jPanelResourcesLayout.createSequentialGroup() 
                .add(jLabel4, org.jdesktop.layout.GroupLayout.DEFAULT_SIZE, 34, Short.MAX_VALUE) 
                .addPreferredGap(org.jdesktop.layout.LayoutStyle.RELATED) 
                .add(jScrollPane1, org.jdesktop.layout.GroupLayout.PREFERRED_SIZE, 627, 
org.jdesktop.layout.GroupLayout.PREFERRED_SIZE) 
                .addContainerGap()) 
        ); 
 
        jMenu1.setText("File"); 
        jMenu1.addActionListener(new java.awt.event.ActionListener() { 
            public void actionPerformed(java.awt.event.ActionEvent evt) { 
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                jMenu1ActionPerformed(evt); 
            } 
        }); 
 
        CourseSelect.setText("Select Course"); 
        CourseSelect.addActionListener(new java.awt.event.ActionListener() { 
            public void actionPerformed(java.awt.event.ActionEvent evt) { 
                CourseSelectActionPerformed(evt); 
            } 
        }); 
        jMenu1.add(CourseSelect); 
 
        ClassSelect.setText("Select Lecture"); 
        ClassSelect.addActionListener(new java.awt.event.ActionListener() { 
            public void actionPerformed(java.awt.event.ActionEvent evt) { 
                ClassSelectActionPerformed(evt); 
            } 
        }); 
        jMenu1.add(ClassSelect); 
 
        jMenuItem4.setText("Quit"); 
        jMenu1.add(jMenuItem4); 
 
        jMenuBar1.add(jMenu1); 
 
        setJMenuBar(jMenuBar1); 
 
        org.jdesktop.layout.GroupLayout layout = new org.jdesktop.layout.GroupLayout(getContentPane()); 
        getContentPane().setLayout(layout); 
        layout.setHorizontalGroup( 
            layout.createParallelGroup(org.jdesktop.layout.GroupLayout.LEADING) 
            .add(org.jdesktop.layout.GroupLayout.TRAILING, layout.createSequentialGroup() 
                .add(layout.createParallelGroup(org.jdesktop.layout.GroupLayout.LEADING) 
                    .add(layout.createSequentialGroup() 
                        .add(526, 526, 526) 
                        .add(btnPrev) 
                        .add(52, 52, 52) 
                        .add(btnNext) 
                        .add(25, 25, 25)) 
                    .add(layout.createSequentialGroup() 
                        .add(10, 10, 10) 
                        .add(DrawingLayers, org.jdesktop.layout.GroupLayout.DEFAULT_SIZE, 812, 
Short.MAX_VALUE)) 
                    .add(jTabbedPane2, org.jdesktop.layout.GroupLayout.DEFAULT_SIZE, 822, 
Short.MAX_VALUE)) 
                .addPreferredGap(org.jdesktop.layout.LayoutStyle.RELATED) 
                .add(jPanelResources, org.jdesktop.layout.GroupLayout.PREFERRED_SIZE, 158, 
org.jdesktop.layout.GroupLayout.PREFERRED_SIZE) 
                .addContainerGap()) 
        ); 
        layout.setVerticalGroup( 
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            layout.createParallelGroup(org.jdesktop.layout.GroupLayout.LEADING) 
            .add(layout.createSequentialGroup() 
                .add(layout.createParallelGroup(org.jdesktop.layout.GroupLayout.TRAILING) 
                    .add(jPanelResources, org.jdesktop.layout.GroupLayout.DEFAULT_SIZE, 680, 
Short.MAX_VALUE) 
                    .add(org.jdesktop.layout.GroupLayout.LEADING, layout.createSequentialGroup() 
                        .add(layout.createParallelGroup(org.jdesktop.layout.GroupLayout.BASELINE) 
                            .add(btnPrev) 
                            .add(btnNext)) 
                        .addPreferredGap(org.jdesktop.layout.LayoutStyle.RELATED) 
                        .add(DrawingLayers, org.jdesktop.layout.GroupLayout.PREFERRED_SIZE, 427, 
org.jdesktop.layout.GroupLayout.PREFERRED_SIZE) 
                        .addPreferredGap(org.jdesktop.layout.LayoutStyle.UNRELATED) 
                        .add(jTabbedPane2, org.jdesktop.layout.GroupLayout.PREFERRED_SIZE, 
org.jdesktop.layout.GroupLayout.DEFAULT_SIZE, 
org.jdesktop.layout.GroupLayout.PREFERRED_SIZE))) 
                .addContainerGap(org.jdesktop.layout.GroupLayout.DEFAULT_SIZE, Short.MAX_VALUE)) 
        ); 
 
        pack(); 
    }// </editor-fold>                         
 
    private void formComponentResized(java.awt.event.ComponentEvent evt) {                                       
       //DrawingPanel.resize(WIDTH, WIDTH); 
    }                                      
 
private void btnNextActionPerformed(java.awt.event.ActionEvent evt) {                                         
    btnPrev.setEnabled(true) ;    
    if (slidenum < slidecount) { 
          
       try { 
                if (classslides[slidenum].ProfInk != null) 
                    classslides[slidenum].ProfInk = 
BufferedImageToByte(classslides[slidenum].InkMaker.bufferedimage); 
                classslides[slidenum].DrawingPanel.setVisible(false);    
                slidenum = slidenum + 1; 
                drawelements(slidenum); 
            } catch (ImageFormatException ex) { 
                Logger.getLogger(InterfaceApplication.class.getName()).log(Level.SEVERE, null, ex); 
            } catch (IOException ex) { 
                Logger.getLogger(InterfaceApplication.class.getName()).log(Level.SEVERE, null, ex); 
            } 
    } 
    else 
        btnNext.setEnabled(false); 
     
     if  (slidenum == slidecount) { 
        btnNext.setEnabled(false);       
    } 
}                                        
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private void jMenu1ActionPerformed(java.awt.event.ActionEvent evt) {                                        
 
}                                       
 
private void CourseSelectActionPerformed(java.awt.event.ActionEvent evt) {                                              
  choosecourse(); 
  chooseclass();   
}                                             
 
private void ClassSelectActionPerformed(java.awt.event.ActionEvent evt) {                                             
   chooseclass();         
}                                            
 
private void StudentListMouseClicked(java.awt.event.MouseEvent evt) {                                          
     studentdemo = true; 
     byte[] studink = null; 
     BufferedImage Back = null, Stud = null, combo = null; 
     Graphics2D temp; 
     combo = new BufferedImage(Backpic.getWidth(), Backpic.getHeight(), 
BufferedImage.TYPE_INT_RGB); 
     temp = combo.createGraphics(); 
     temp.setBackground(Color.white);       
             
     try {    
            connectToDB(); 
            rs = statement.executeQuery("SELECT * FROM Studentink Where (SlideID = " + 
classslides[slidenum].SlideID +") AND (StudentID 
="+Students.elementAt(StudentList.getSelectedIndex()).toString() +")"); 
            rs.first(); 
            studink = rs.getBytes("Ink");  
            connection.close();  
        } catch (SQLException ex) { 
            Logger.getLogger(InterfaceApplication.class.getName()).log(Level.SEVERE, null, ex); 
        } 
     try { 
            InputStream in = new ByteArrayInputStream(classslides[slidenum].Background); 
            Back = ImageIO.read(in); 
            temp.drawImage(Back, null, 0, 0); 
            } catch (IOException ex) { 
                Logger.getLogger(InterfaceApplication.class.getName()).log(Level.SEVERE, null, ex); 
            } 
             
                 
     try { 
            InputStream in2 = new ByteArrayInputStream(studink); 
            Stud = ImageIO.read(in2); 
            temp.drawImage(Stud, null, 0, 0); 
            } catch (IOException ex) { 
                Logger.getLogger(InterfaceApplication.class.getName()).log(Level.SEVERE, null, ex); 
            } 
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    temp.dispose();                            
    JOptionPane.showMessageDialog(null, new ImageIcon(combo), "", 
JOptionPane.PLAIN_MESSAGE); 
        
   
  studentdemo =false; 
     
     
}                                         
 
private void btnPrevActionPerformed(java.awt.event.ActionEvent evt) {                                         
    btnNext.setEnabled(true); 
    if (slidenum > 1) { 
            try { 
                if (classslides[slidenum].ProfInk != null) 
                    classslides[slidenum].ProfInk = 
BufferedImageToByte(classslides[slidenum].InkMaker.bufferedimage); 
                 
                classslides[slidenum].DrawingPanel.setVisible(false); 
               
                slidenum = slidenum - 1; 
         
                drawelements(slidenum); 
            } catch (ImageFormatException ex) { 
                Logger.getLogger(InterfaceApplication.class.getName()).log(Level.SEVERE, null, ex); 
            } catch (IOException ex) { 
                Logger.getLogger(InterfaceApplication.class.getName()).log(Level.SEVERE, null, ex); 
            } 
    } 
    else 
        btnPrev.setEnabled(false); 
    if  (slidenum == 1) { 
        btnPrev.setEnabled(false);     
    } 
}                                        
 
private void chatSendButtonActionPerformed(java.awt.event.ActionEvent evt) {                                                
        // Send chat message to server. 
        chatUsername = Fname + " " + Lname; 
        chatConn.sendMessage(chatEntry.getText()); 
        chatMessageReceived(chatUsername + ": " + chatEntry.getText()); 
        chatEntry.setText(""); 
}                                               
public void chatMessageReceived(String message) { 
        String text = new String(chatDisplay.getText()); 
        text = text.concat("\n" + message); 
        chatDisplay.setText(text); 
        chatDisplay.setCaretPosition(text.length());  
}  
private void chatEntryActionPerformed(java.awt.event.ActionEvent evt) {                                           
        // Send chat message to server. 
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        chatConn.sendMessage(chatEntry.getText()); 
        chatMessageReceived(chatUsername + ": " + chatEntry.getText()); 
        chatEntry.setText(""); 
}                                          
 
    // Variables declaration - do not modify                      
    private javax.swing.JLabel Backpic; 
    private javax.swing.JMenuItem ClassSelect; 
    private javax.swing.JMenuItem CourseSelect; 
    private javax.swing.JLayeredPane DrawingLayers; 
    private javax.swing.JList StudentList; 
    private javax.swing.JButton btnNext; 
    private javax.swing.JButton btnPrev; 
    private javax.swing.JTextArea chatDisplay; 
    private javax.swing.JTextField chatEntry; 
    private javax.swing.JButton chatSendButton; 
    private javax.swing.JLabel jLabel4; 
    private javax.swing.JMenu jMenu1; 
    private javax.swing.JMenuBar jMenuBar1; 
    private javax.swing.JMenuItem jMenuItem4; 
    private javax.swing.JPanel jPanelChat; 
    private javax.swing.JPanel jPanelResources; 
    private javax.swing.JScrollPane jScrollPane1; 
    private javax.swing.JScrollPane jScrollPane3; 
    private javax.swing.JTabbedPane jTabbedPane2; 
    // End of variables declaration                    
 
     
    public  void loadResources() { 
   
        Cursor hourglassCursor = new Cursor(Cursor.WAIT_CURSOR); 
        setCursor(hourglassCursor); 
         
        try { 
            int order, slidenumber = 0; 
            Vector v = new Vector(); 
            chatServer = "irc.freenode.net"; 
            chatChannel = "#flh-test"; 
            chatUsername = Fname + "_" + Lname; 
             
            chatConn = new chatConnection(chatServer, chatChannel, chatUsername, this); 
          
            connectToDB(); 
            rs = statement.executeQuery("SELECT Slide.SlideID, Slide.Background, Slide.Instructor, 
Slide.ClassID,  Slide.ProfessorNote, Slide.Order FROM Slide Where (ClassID = " + ClassID +") Order 
By Slide.Order"); 
            rs.beforeFirst(); 
            while (rs.next()) { 
                     slidenumber = slidenumber + 1; 
                     order = Integer.parseInt(rs.getString("Order")); 
                     classslides[order] = new Slides();    
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                     classslides[order].SlideID = rs.getString("SlideID"); 
                     classslides[order].Background = rs.getBytes("Background"); 
                     classslides[order].ProfInk =  rs.getBytes("Instructor"); 
                     classslides[order].DrawingPanel = new JPanel(new BorderLayout()); 
                     DrawingLayers.add(classslides[order].DrawingPanel, order); 
                     classslides[order].DrawingPanel.setSize(Backpic.getWidth(), Backpic.getHeight());  
                     classslides[order].DrawingPanel.setLocation(Backpic.getX(), Backpic.getY()); 
                     classslides[order].InkMaker = new DrawingSurface(classslides[order].DrawingPanel); 
                      
                     } 
            slidecount = slidenumber; 
            rs = statement.executeQuery("SELECT Users.FirstName, Users.LastName, Users.StudentID, 
Class.ClassID FROM (Course INNER JOIN (Users INNER JOIN UserCourses ON Users.StudentID = 
UserCourses.StudentID) ON Course.CourseID = UserCourses.CourseID) INNER JOIN Class ON 
Course.CourseID = Class.CourseID WHERE (Class.ClassID = " + ClassID + ")"); 
            rs.beforeFirst(); 
            while (rs.next()) {    
                     if (!userID.equals(rs.getString("Users.StudentID"))) { 
                     v.addElement(rs.getString("Users.FirstName") + " " + rs.getString("Users.LastName")); 
                     Students.addElement(rs.getString("Users.StudentID"));            
                     }}            
            connection.close(); 
            StudentList.setListData(v); 
           
            slidenum = 1; 
            drawelements(1); 
            btnNext.setEnabled(true); 
        } catch (SQLException ex) { 
            Logger.getLogger(InterfaceApplication.class.getName()).log(Level.SEVERE, null, ex); 
        } 
        Cursor normalCursor = new Cursor(Cursor.DEFAULT_CURSOR); 
        setCursor(normalCursor); 
        refreshProf = new Timer(); 
        refreshProf.schedule(new TimerTask(){ 
            public void run() { 
                if (!studentdemo) { 
                try { 
                    if (classslides[slidenum].ProfInk != null) { 
                    try { 
                        classslides[slidenum].ProfInk = 
BufferedImageToByte(classslides[slidenum].InkMaker.bufferedimage); 
                    } catch (ImageFormatException ex) { 
                        Logger.getLogger(InterfaceApplication.class.getName()).log(Level.SEVERE, null, ex); 
                    } catch (IOException ex) { 
                        Logger.getLogger(InterfaceApplication.class.getName()).log(Level.SEVERE, null, ex); 
                    }} 
                    connectToDB(); 
                    rs = statement.executeQuery("SELECT * From Slide Where (ClassID = " + ClassID + ") 
AND (SlideID = " + classslides[slidenum].SlideID + ")"); 
                    rs.first(); 
                    rs.updateBytes("Instructor", classslides[slidenum].ProfInk); 
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                    rs.updateRow(); 
                    connection.close();        
                 } catch (SQLException ex) { 
                    Logger.getLogger(InterfaceApplication.class.getName()).log(Level.SEVERE, null, ex); 
                }}}}, 1000, 1000); 
  } 
     
public void drawelements(int slideloc){ 
           BufferedImage Prof = null, Back = null, Stud = null, combo = null; 
           Graphics2D temp; 
           combo = new BufferedImage(Backpic.getWidth(), Backpic.getHeight(), 
BufferedImage.TYPE_INT_RGB); 
           temp = combo.createGraphics(); 
           temp.setBackground(Color.white); 
            
            try { 
            InputStream in = new ByteArrayInputStream(classslides[slideloc].Background); 
            Back = ImageIO.read(in); 
            temp.drawImage(Back, null, 0, 0); 
            } catch (IOException ex) { 
                Logger.getLogger(InterfaceApplication.class.getName()).log(Level.SEVERE, null, ex); 
            } 
            if (classslides[slideloc].ProfInk != null) { 
            try { 
            InputStream in2 = new ByteArrayInputStream(classslides[slideloc].ProfInk); 
            Prof = ImageIO.read(in2); 
            temp.drawImage(Prof, null, 0, 0); 
            temp.drawImage(classslides[slideloc].InkMaker.bufferedimage, null, 0, 0); 
            } catch (IOException ex) { 
                Logger.getLogger(InterfaceApplication.class.getName()).log(Level.SEVERE, null, ex); 
            }} 
             
           temp.dispose();          
           icon = new ImageIcon(combo); 
           Backpic.setIcon(icon);  
           classslides[slideloc].DrawingPanel.setVisible(true);         
    } 
     
    public void connectToDB() { 
    try { 
      connection = DriverManager 
          
.getConnection("jdbc:mysql://probsts.us:3306/aprobst_Thesis?user=aprobst_alex&password=15Christ"); 
      statement = connection.createStatement( 
          ResultSet.TYPE_SCROLL_INSENSITIVE, 
          ResultSet.CONCUR_UPDATABLE); 
      statement2 = connection.createStatement( 
          ResultSet.TYPE_SCROLL_INSENSITIVE, 
          ResultSet.CONCUR_UPDATABLE); 
       
    } catch (SQLException connectException) { 
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      System.out.println(connectException.getMessage()); 
      System.out.println(connectException.getSQLState()); 
      System.out.println(connectException.getErrorCode()); 
      System.exit(1); 
    } 
  } 
     
    private void choosecourse() { 
        Cursor normalCursor = new Cursor(Cursor.DEFAULT_CURSOR); 
        setCursor(normalCursor); 
        try {          
                JButton BtnChoose; 
                final JList Courseoption;      
                ResultSet rscourse; 
                final Dialog coursedialog; 
                final Vector v2 = new Vector(); 
                final Vector v = new Vector(); 
                final Frame c = new Frame ("Course Chooser"); 
                c.setLayout(new FlowLayout()); 
                connectToDB();               
                rscourse = statement.executeQuery("SELECT UserCourses.StudentID, Course.CourseName, 
Course.CourseID FROM Course INNER JOIN UserCourses ON Course.CourseID = 
UserCourses.CourseID WHERE UserCourses.StudentID = " + userID); 
                rscourse.beforeFirst();                   
                while (rscourse.next()) {                 
                      v.addElement(rscourse.getString("CourseName")); 
                      v2.addElement(rscourse.getString("CourseID")); 
                      }                
                connection.close();  
                coursedialog = new Dialog (c, "Course Chooser"); 
                Courseoption = new JList(); 
                Courseoption.addListSelectionListener(new ListSelectionListener() { 
                     public void valueChanged(ListSelectionEvent e) { 
                     CourseID = v2.elementAt(Courseoption.getSelectedIndex()).toString(); 
                     coursedialog.setVisible(false); 
                     coursedialog.dispose(); 
                     chooseclass(); 
                }}); 
                Courseoption.setListData(v); 
                Courseoption.setVisibleRowCount(4); 
                JPanel first = new JPanel(new GridLayout(4, 1)); 
                 
                //Do Login Button 
                 
                BtnChoose = new JButton("Choose Course"); 
                BtnChoose.addActionListener(new ActionListener() { 
                public void actionPerformed(ActionEvent e) { 
                        CourseID = v2.elementAt(Courseoption.getSelectedIndex()).toString(); 
                        coursedialog.setVisible(false); 
                        coursedialog.dispose(); 
                        chooseclass(); 
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                    }}); 
                                 
                  first.add(BtnChoose); 
                  first.add(Courseoption);       
                  coursedialog.setSize(150, 200); 
                  coursedialog.setLocation(300, 300); 
                  coursedialog.add(first); 
                  coursedialog.addWindowListener(new WindowAdapter() { 
                                public void windowClosing(WindowEvent e) { 
                                coursedialog.dispose(); 
                                  } 
                            });  
                  coursedialog.show(); 
                  coursedialog.setAlwaysOnTop(true); 
        } catch (SQLException ex) { 
            Logger.getLogger(InterfaceApplication.class.getName()).log(Level.SEVERE, null, ex); 
        } 
    } 
     
    public void chooseclass() { 
       try { 
                JButton BtnChoose; 
                final JList ClassSession; 
                
                ResultSet rsclass; 
                final Dialog classdialog;             
                final Vector v = new Vector(); 
                final Vector v2 = new Vector(); 
                final Frame c = new Frame ("Lecture Chooser"); 
                  c.setLayout(new FlowLayout()); 
                   
                  connectToDB();               
                  rsclass = statement.executeQuery("SELECT * FROM Class WHERE CourseID = " + 
CourseID); 
                  rsclass.beforeFirst();                   
                  while (rsclass.next()) {                 
                     v.addElement(rsclass.getString("ClassDate") + " - " + rsclass.getString("Topic")); 
                     v2.addElement(rsclass.getString("ClassID")); 
                                    }                
                  connection.close();   
                  classdialog = new Dialog (c, "Lecture Chooser"); 
                  ClassSession = new JList(); 
                  ClassSession.addListSelectionListener(new ListSelectionListener() { 
                     public void valueChanged(ListSelectionEvent e) { 
                     ClassID = v2.elementAt(ClassSession.getSelectedIndex()).toString(); 
                     classdialog.setVisible(false); 
                     classdialog.dispose(); 
                     loadResources(); 
                  }}); 
                  ClassSession.setListData(v); 
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                  ClassSession.setVisibleRowCount(15); 
                  JPanel first = new JPanel(new GridLayout(1, 1)); 
                 
                  //Do Login Button 
                   
                  BtnChoose = new JButton("Choose Lecture"); 
                  BtnChoose.addActionListener(new ActionListener() { 
                    public void actionPerformed(ActionEvent e) { 
                        ClassID = v2.elementAt(ClassSession.getSelectedIndex()).toString(); 
                        classdialog.setVisible(false); 
                        classdialog.dispose(); 
                        loadResources(); 
                         
                    }}); 
                                 
                  //first.add(BtnChoose); 
                  first.add(ClassSession);       
                  classdialog.setSize(150, 200); 
                  classdialog.setLocation(300, 300); 
                  classdialog.add(first); 
                   
                   classdialog.addWindowListener(new WindowAdapter() { 
                                public void windowClosing(WindowEvent e) { 
                                classdialog.dispose(); 
                                  } 
                            }); 
                  classdialog.show(); 
                   
                   
        } catch (SQLException ex) { 
            Logger.getLogger(InterfaceApplication.class.getName()).log(Level.SEVERE, null, ex); 
        }   
    }  
    public static byte[] BufferedImageToByte(BufferedImage img) throws ImageFormatException, 
IOException{ 
      ByteArrayOutputStream os = new ByteArrayOutputStream(); 
      JPEGImageEncoder encoder = JPEGCodec.createJPEGEncoder(os); 
      encoder.encode(img);       
      return os.toByteArray(); 
              
    }       
} 





 * Author: Alex Probst 
 * Created: July 2011 
*/ 























public class Imageresizeload { 
  
    public static void main(String s[]) { 
        try { 
            Connection connection = null; 
            Statement statement = null; 
            ResultSet rs; 
            try { 
          connection = DriverManager 
              
.getConnection("jdbc:mysql://probsts.us:3306/aprobst_Thesis?user=aprobst_alex&password=15Christ"); 
          statement = connection.createStatement( 
              ResultSet.TYPE_SCROLL_INSENSITIVE, 
              ResultSet.CONCUR_UPDATABLE); 
           
        } catch (SQLException connectException) { 
          System.out.println(connectException.getMessage()); 
          System.out.println(connectException.getSQLState()); 
          System.out.println(connectException.getErrorCode()); 
          System.exit(1); 
        } 
            BufferedImage bi = null; 
            int w, h, i, slideID = 574; 
            URL imageSrc;         
            rs = statement.executeQuery("SELECT * From Slide"); 
            rs.moveToInsertRow();  
            for (i =1; i<36; i++)   {  
                try { 
                    imageSrc = null; 
                    try { 
                         imageSrc = ((new File("C:/Chapter17/Slide"+i+".jpg")).toURI()).toURL(); 
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                    } catch (MalformedURLException e) { 
                    } 
                    try { 
                        bi = ImageIO.read(imageSrc); 
                    } catch (IOException ex) { 
                        Logger.getLogger(Imageresizeload.class.getName()).log(Level.SEVERE, null, ex); 
                    } 
                     
                    w = bi.getWidth(null); 
                    h = bi.getHeight(null); 
                    if (bi.getType() != BufferedImage.TYPE_INT_RGB) { 
                        BufferedImage bi2 = new BufferedImage(w, h, BufferedImage.TYPE_INT_RGB); 
                        Graphics2D big =  (Graphics2D) bi2.getGraphics(); 
                        big.drawImage(bi, AffineTransform.getScaleInstance(1.00, 0.6), null); 
                       
                        bi = bi2; 
                        } 
                    ByteArrayOutputStream os = new ByteArrayOutputStream(); 
                    JPEGImageEncoder encoder = JPEGCodec.createJPEGEncoder(os); 
                    try { 
                        encoder.encode(bi); 
                    } catch (IOException ex) { 
                        Logger.getLogger(Imageresizeload.class.getName()).log(Level.SEVERE, null, ex); 
                    } catch (ImageFormatException ex) { 
                        Logger.getLogger(Imageresizeload.class.getName()).log(Level.SEVERE, null, ex); 
                    } 
                    byte[] background = os.toByteArray(); 
                    byte[] instructor = new byte[0]; 
                       
                    rs.updateInt("SlideID", slideID); 
                    rs.updateBytes("Background", background); 
                    rs.updateBytes("Instructor", instructor); 
                    rs.updateInt("ClassID", 25); 
                    rs.updateString("ProfessorNote", " "); 
                    rs.updateInt("Order", i); 
                    rs.insertRow(); 
                    slideID++; 
                    rs.moveToInsertRow(); 
                    rs.updateInt("SlideID", slideID); 
                    rs.updateBytes("Background", background); 
                    rs.updateBytes("Instructor", instructor); 
                    rs.updateInt("ClassID", 26); 
                    rs.updateString("ProfessorNote", " "); 
                    rs.updateInt("Order", i); 
                    rs.insertRow(); 
                    rs.moveToInsertRow();            
                    slideID++; 
                } catch (SQLException ex) { 
                    Logger.getLogger(Imageresizeload.class.getName()).log(Level.SEVERE, null, ex); 
                } 
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        } 
            try { 
                connection.close(); 
            } catch (SQLException ex) { 
                Logger.getLogger(Imageresizeload.class.getName()).log(Level.SEVERE, null, ex); 
            } 
    } catch (SQLException ex) { 
            Logger.getLogger(Imageresizeload.class.getName()).log(Level.SEVERE, null, ex); 
        } 
}} 
 





Human Subjects Approval 
 
Colorado Christian University 
Institutional Review Board 
 
Human Subjects Project Review Form 
 
Please submit completed forms to the Office of the Vice President of Academic Affairs. 
 
PRINCIPAL INVESTIGATOR (CCU Faculty Member) INFORMATION 
 
Name: __Alexandre Probst____  Email: ___aprobst@ccu.edu________________ 
College: ____CUS_____________  Department: ____SBL________________________ 
Mailing Address: ____77 Lallie Rd., Bailey, CO, 80421___________________________ 
Project Title (Thesis): _A MULTI-TASKING TABLET-PC MEDIATED CLASSROOM INTERVENTION 
FOR INTRODUCTORY STATISTICS INSTRUCTION SPECIFICALLY SUITED TOWARDS 
MILLENNIAL STUDENTS_ 
Proposed Start Date: ___08/23/2007_____ Proposed End Date: ___05/01/2012_________ 
 
ADDITIONAL RESEARCH TEAM MEMBERS INFORMATION 
Faculty Research Team Members: ____None_______________________________________ 
Student Research Team Members: ___None________________________________________ 
Other Research Team Members: _____None_________________________________________ 
 
FUNDING INFORMATION (If applicable) 
Funding Agency or Research Sponsor: _____________________________________________ 
Funding Agency Mailing Address: _________________________________________________ 




ABSTRACT: (Provide rationale/ background in 150 WORDS OR LESS) 
The Journal for Statistics Education cites a significant deficiency in the area of introductory 
statistics education and research suggests that a technological solution may be the most effective.  
Generational research suggests that an affinity for technology and for multi-tasking exists in the 
current generation.  Gender research suggests that computer-based social networking may 
increase female participation in Computer Science.  To address these findings, a Tablet-PC 
mediated, multi-tasking, classroom software system which facilitates peer to peer classroom 
interaction, participation in the lecture and student note taking was developed and tested in 
introductory Statistics classes as a solution to the challenge of statistics education. 
 
 
PROTOCOL:  (Describe procedures to which humans will be subjected; include survey copies) 
Students will be given a demographic questionnaire (attached) with specific questions related to 
their comfort with computers and computer learning.   A statistics anxiety survey will also be 
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given to students (attached).  Finally, two pretests and posttests will be given to evaluate 
statistical knowledge.  The posttests are the normal final exam given to students in the class.  
The protocol is entirely consistent with normal classroom interventions given by professors in 
classes at CCU. 
 
 
BENEFITS and RISKS: (Describe the benefits and risks to the individual and/or humankind.) 
This research could provide for an improved classroom tool for statistics students and 
eventually the tool could be exported to other classes at CCU.  Students participating in the 
study by registering for the class will receive improved instructional support and techniques.  
There is no risk to the student as the assessment techniques are part of the normal assessment 
practices for the class. 
 
 
CONFIDENTIALITY OF DATA: (Describe the methods to be used to ensure the confidentiality 
of  
     data obtained, including plans for final disposition or destruction, debriefing procedures, 
etc.) 
No student names will be recorded; student IDs will be recorded to identify data records.  Data 




     A.  This project involves the use of COLORADO CHRISTIAN UNIVERSITY STUDENTS: 
          _X_ Yes        ___ No 
 
     B.   HUMAN SUBJECTS from the following population(s) will be involved in this Study: 
___ Minors       ___ Pregnant Woman       ___ Fetuses    
___ Prisoners   ___ Persons with Mental Disabilities 
 
     C.   TOTAL NUMBER OF SUBJECTS TO BE STUDIED:  __Approximately 250__ 
 
     D.   This project involves the use of Medical Procedures, Drugs, or Medical Treatment of  
any type:   ___ Yes        _X_ No 
If Yes, specify the medical procedures/drugs/treatment involved below: 
________________________________________________________________ 
________________________________________________________________ 
E.  This project involves possible harm to the subjects in the study: 
           ___ Yes        _X_ No 




CONSENT: Please attach a copy of the CONSENT FORM(S) to be signed by the participant, any   
    INFORMATIONAL LETTER subjects will receive, or any STATEMENT subjects will listen to. 
 
All students are informed of the research verbally  at the beginning of the semester and given 
the opportunity to opt out of the demographic questions (they cannot opt out of the final exam 
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since it is part of the normal assessment practices for the class).  Students are also informed 
that their data will be kept confidentially. 
 
OFF-SITE APPROVAL (Complete only if the project will be completed off CCU grounds) 
      I certify that this project will be completed on my site and will follow CCU IRB guidelines. 
      Off-Site Administrator ______________________________  Date ___________________ 
      Printed Name ____________________________________  Title ____________________ 
      Mailing Address ____________________________________________________________ 
 
SIGNATURES: 
     I certify that the protocol and method of obtaining informed consent as approved by the 
Institutional Review Board will be followed during the period covered by this research project. 
 





Focus Group Notes 
 
Session 1 (9-08-11 Section 2) 
3 students:  2 female/1 male 
 
1. Students said that it is hard to understand statistics and that the subject is intimidating.   They like 
the structure of the class in general, but would like the structure to be increased.  They are 
worried about the final exam.  They would like to have a review session with concepts to study.   
They like the use of real world examples in class, but feel they could be less.  They want to have 
more content from the textbook. 
 
2. Students like having their own screens, but they don’t like having to take notes.  They don’t like 
having graded notes.  One student likes the notes.  Several of the others take paper notes instead.  
Students would like to see less anecdotes used in class.  They do not like to get off-topic. They 
would like to minimize outside examples.  They feel that the material is hard and that it needs to 
be reviewed more.  They would like to cover more content.  Some of the students preferred to use 
their own computers rather than the Tablets and felt that it saved time.  Not all the students tried 
the chat function.  However, they all thought the chat would be good for asking the professor 
questions. 
 
3. Students said that all the formulas and stuff kills them.  They feel they do not understand and that 
there’s a lot to know.  They said that they don’t have much motivation to learn statistics.   They 
like the templates used in class, but do not know how to use them.  They don’t know where to put 
the numbers.  One student said that she was good with math, but that this is harder, a difficult 
subject.  Students said they like the professor, just not the subject. 
 
4.  Students don’t think the software is helping them to understand the subject better. 
 
5. To improve the software use, students would like to see example problems at the end of each 
section.  They want to work out the problems together in an interactive way.  They would like to 
see the chat used when students are done.  They feel that the software has potential.  They would 
like to see it used as more than an option and would like it to be required for all students.   They 
would like to see anonymous questions with a statistic of how many students answered correctly.   
They felt this would help their attention span. 
 
6. To improve the course, students would like to be ensured that the class material matches the final.  
Students feel that they have no idea how to answer example questions or how to interpret the 
data.  They would like to have some comprehension questions to help them better understand the 
material.  
 
7. Students like multi-tasking if it is relevant, but they feel they can’t take notes while listening.  
However, they said it depends on the person.  One student enjoyed the notes.  The others felt that 
this subject requires a great deal of focus and that the notes are distracting.  They would like to 
see the software used in a structured rather than in a multi-tasking way.  For instance, together 
looking at a link, working on an example, etc.  Students said that the features have good potential; 
they are not incredibly useful now, but they could be. 




8. These students have not used the Tablet pen feature much. 
 
9. The students have gone back to see the teacher notes.  They plan to look at them in greater detail 
closer to exam time.   
 
10. The students felt the desktops were easier to use than the Tablets.   They found that using the 
mouse as a pen was working well for them.   One student wanted to see clickers with multiple 
choice questions used for review.  He said it was beneficial and that the results show up on the 
board in the form of a bar graph or pie chart and that Colorado School of Mines is using it.  All 
three students thought that the professor was approachable and flexible and felt that he cared 
about the students and the class. 
 
Session 2 (9-9-11 group 1) 
3 students: 2 female/1 male 
 
1. Students said they like the fun learning environment.  They were nervous before, but feel they 
have hope.  They like the availability of resources.  They like the online tests.  They find the 
information useful, but tedious, like reading the book.  
 
2. Students said they do not like the material, namely the subject matter – statistics.  They said they 
have anxiety and they find the subject tedious and boring. 
 
3. Students feel that their anxiety is better now.  It’s passable, but with effort.  They are worried 
about the formulas.  They can’t seem to retain it, especially the meaning of the formulas.  They 
are confused about the templates and feel they are going through them too fast.  They feel that 
statistics can be useful, that statistics make things more understandable.  For example, the 
‘Waiting for Superman’ film.  Quantitative.  Students would like to walk through examples and 
formulas for more practice.   
 
4. Students found the software was helpful and that the professor notes were especially helpful.  
They felt that the stylus was not so useful and that they don’t use this feature much.  They said 
that the mouse works fine when necessary.  They like typing notes and they like the chat.  They 
would like the software to be more teacher-guided, going to links and examples as a class.   
 
5. They want the slides to be less condensed.   They would like more explanations on the slides, for 
example, breaking up a formula into parts with explanations for each part.  They would like to see 
page numbers of the book on the slides.  They would like to increase the use of professor notes.  
Students like the quizzes.  In the gradebook, you can see what you got wrong.  They liked 
knowing what they got wrong and finding out how to do it right.   
 
6. The students like the multi-tasking classroom environment and say that it keeps them involved.  
They find that the software is helpful.  They appreciate the fact that the professor made 
adjustments to the class based on the first focus group session. 
 
7. They feel that the multi-tasking activities are helpful. 
 
8. They feel that the pen is a gimmicky thing and that you can do just as much with typing.  
However, they feel that when the professor uses the pen to annotate slides and point things out, 
that it’s useful.  They think it’s good that the pen is accessible even though they don’t use it 
regularly. 




9. The students have gone back to review their notes and they appreciated being able to use the 
software outside of class.   
 
10. They prefer using their own computer or the desktops rather than the Tablets.  They find that it’s 
a hassle to get the Tablets out.  They feel that fewer students prefer using the Tablets, but that the 
Tablets are helpful for the pen feature.   
 
Session 3 (9-30-11) 
2 students: 2 female 
 
1. Students like the flexibility in the class.  They like the online quizzes. 
 
2. One student did not like the slides.  She would prefer to have an actual problem and doing it – 
student submissions.  Both students had trouble learning the meaning of the formulas.  They 
would like to see numbers corresponding to the book. 
 
3. They like math, but feel they haven’t done much math yet.  They felt like thy take a lot of notes.  
They felt that math problems from the start of the course would help them to learn the content 
better.   
 
4. They feel that the software helps them by letting them refresh their memory with the slides and 
notes.  They like the quizzes.   
 
5. Students would like to apply the learning more.  They would like to do math problems in the chat 
area.  They thought the chat area might be better without names and that students might use it 
more.  For example, numbers rather than names.  
 
6. Students would like more math problems to work out.  They feel that it is the most important 
reason to come to class.  They feel the class is very organized.  Perfect. 
 
7. They like the multi-tasking environment and the software. 
 
8. They use their own laptops or the desktops.  They use the mouse instead of the stylus.  They find 
that the pen is at an awkward angle.  The think that only about three students are regularly using 
the Tablets.   
 
9. Yes, they have gone back to the notes. 
 
10. They prefer using their own computers. 
 
Session 4 (10-21-11) 
7 students: 6 female/1 male 
 
1. Students feel the focus group is a good idea.  They can tell that changes are being made to the 
class on the basis of what students are sharing.  They are finding that statistics are applicable to 
real life. 
 
2. The students feel that math is hard, especially statistics.  The technology was intimidating for one 
student and it was easier for them to use their own computer.  One student said, “The Tablets just 
suck.  They’re from like ‘95.  Nice Tablets would help.”  They found that the software was faster 
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on their own computers.  They hate the pen, “Everything looks terrible when you use the pen.”  
They prefer to type their notes.  They felt they might use the Tablets more if it were not taught in 
a computer class. 
 
3. How do they feel about learning statistics?  They hate it.  They are terrified.  It’s such a 
theoretical subject.  They felt that algebra is easy, but statistics is hard.  One student doesn’t mind 
it, but likes math.  Says it is a useful subject.  All the students agreed that it has the potential to be 
useful.   Students liked statistics more before this class because it was just one box of data before.  
Now it’s more complicated.  They would like to see a stats class for psych majors.  Some are 
confused about what they need to know.  They have learned that statistics can be misused.  Who 
tests the integrity of the statisticians?  They are starting to get enough information to feel less 
anxious about the final.  One student doesn’t have a good handle on it, but feels that diving into 
the research project will help.  Have a lot of worries on how to do the research project. 
 
4. They have found the software is helpful when it is working properly.  They are finding it easier to 
take notes and follow along. 
 
5.  E-Companion complaints.    The biggest hindrance is the network.  IT problems.  They feel that 
the professor puts a positive light on things as a teacher and that he fixes the issues.  Typing the 
notes helps them to learn the subject.  They would like a list of main topics – what you need to 
know for the final, like a study guide.  Some students find the quizzes are hard.   Finding the right 
answer is tough.  One student is not doing well and doesn’t know why.   
 
6. Some of the students do not believe in multi-tasking.  They think it’s a myth.  Others think they 
pay better attention if they have something to do with their hands. Seems to vary by person.   
 
7. The students agree that they like being able to multi-task in class.  They realize that more people 
like to work that way.    
 
8. At the suggestion of the pen, they laughed.  The Tablet is old and awkward.  Some suggested an 
iPad would be better, but they do like the ability to type.   They type faster. 
 
9. One student has gone back to the slides.  Other students are planning to look at the notes closer to 
the final.  For quizzes, they use the book.  Students feel that it is nice to have the slides. 
 
10. Some students use the Tablet, but most use their own computers.  They find that the Tablets take 
longer to connect and have more problems.  They feel that the professor is so smart that he 
sometimes goes too quickly in his presentation.  One student said, “He needs to dumb it down 
more.”   They like the real life examples and find that the professor’s personal examples are 
helping them to understand statistics better.  
 
Session 5 (11-09-11) 
6 students: 4 female/1 male 
 
1. Students like the opportunity for practical application in the statistics project.  They like the 
teacher’s passion for the subject and the way he gets students to enjoy it.  Students like being able 
to take the quizzes twice.   Students like the textbook and think that it is probably one of the 
better ones.  They find that nothing is hard to find in it.  
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2. Some of the students don’t like the Tablets.  They mess up too much.  One student doesn’t like 
the professor’s teaching style.  He doesn’t get anything from the book either.  The students feel 
that the formulas are covered too quickly, that it is like a fire hose of information.  
 
3. The students are excited about statistics to a point.  They feel that statistics are applicable to all 
majors.  Some like it more than algebra.  One student feels neutral, not excited, but does not 
loathe it.   
 
4. The students think that the software is helping them.  They like the fact that they can take notes in 
their own words.  One student doesn’t like writing with the mouse.  The others feel neutral.  
 
5. Students like the fact that the professor is passionate and that he knows the subject well.  One 
student thinks that maybe he doesn’t see the disconnect between his level of knowledge and 
where the students’ knowledge base is. 
 
6. Three of the students like multi-tasking.  Two don’t like it.  One is neutral. 
 
7. They like the PowerPoint on the computer, but some would like more opportunities to work the 
problems for themselves.   
 
8. Five students in the group use the Tablet pen for annotating the slides, but none like it. 
 
9. None of these students have gone back to the notes they posted on slides from earlier lectures.  
Three students plan to go back to the notes later.  One student doesn’t like circles and underlines. 
 
10. All the students prefer using their own computer or the classroom computers rather than the 
Tablets.  They think their own computer allows for use of other programs.  The classroom 
computers work well, so it’s probably the Tablets that don’t work well.  It is time consuming to 
use the Tablets, to get them set up and turns off and put away. 
 
Additional comments:  The students liked how the professor was willing to help them with their 
projects.  They think the projects will help them grasp the concepts better.   
 
Session 6 (12-15-11) 
8 students: 5 female/3 male 
 
1. Students find that their professor is enthusiastic about the course.  They like the familiar examples 
such as basketball.  They like the software and the chat feature in the program.  They like the fact 
that it is accessible all the time.  
 
2. They would like to have the quizzes earlier in the class time.  Take the test right away, then have 
questions about the test directly after.  They would like more hands-on practice trying out the 
templates.  They would like weekly homework, applied, not just multiple choice.  They still hate 
statistics, but find that it is a good foundation to have.   They wish they wouldn’t have to cover so 
much.  They don’t like the textbook.  They think it could have been more efficient.  Too 
complicated for a first exposure.  One student felt the Metro book ‘Elementary Statistics’ was 
good.  Better presentation of concepts and examples.  One student liked the class book, but felt it 
was a bit too far-reaching. 
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3. In terms of their feeling about statistics, the students feel like they are in the same place as when 
they first started.  They see the relevance in statistics, but would like to see a stats class for psych 
students and a separate one for business students. 
 
4. Students think the experience would be better with an updated Tablet.  Students felt that the 
Tablets were ancient.  They feel the software is good.  The notes work well on the slides.  They 
like the typing.   They feel the chat is good.  They like the fact that it is there as an option.  They 
like using the slides as a reference point.  
 
5. They would like to have more space on the slides for handwritten notes.  The pen is thick.  They 
would like thinner ink and more space, the slide info to be a bit smaller and perhaps a blank slide 
every now and again for extra notes.  They would like to have slides that demonstrate steps in a 
problem. It would be nice to have a scroll down to see the slides.  You have to keep pressing to 
go down.  It would be nice to have more practice problems on slides or on links.  Perhaps 
something the professor could review if a student had questions. 
 
6. These students like multi-tasking, but not in a learning environment.  They feel that it is too easy 
to be distracted.  They think it’s better if a student has no choice about what’s in front of them.  
They felt like some students were not paying attention and they found it easy for eyes to stray to 
what other students were doing.  The professor got people involved, but multi-tasking was a 
distraction.    They would prefer to do one task at a time as a class and have it be teacher-directed.  
They do like multi-tasking at home.  If the course were in history or any other subject than 
statistics, the multi-tasking would be easier. 
 
7. In terms of learning statistics, they would prefer the class to have less multi-tasking activities.   
They think that multi-tasking would be better for other topics. 
 
8. They do not like the Tablet pen.   They find that it is too difficult to be precise with the mouse or 
even the finger.  If it were more precise, they would find this feature to be useful. 
 
9. These students have not gone back to their notes.  They do not see a point in going back. 
 
10. Students felt the desktops worked well.  The Tablets were dinosaurs, sloths, and loaded up 
slowly.  IPad would be neat or something like that.      
 
11. The students would use a faster Tablet Computer if it were available for a class in the future. 
 
Additional comments:  The students liked how the professor knew them so well and drew on 
student examples.  They would like to spend more time learning to read graphs, such as 
pictograms and boxplots.  They would like to follow the textbook more and use more textbook 
examples, especially for the final. 
 
